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1.0 SCOPE AND USE QF TOP 1-2-610

1.1 Scope The material in this TOP i intended to ba used fr the Human Factors
Engineering (HFE) assessment of all types of materie: and systems tested by TECOM
with the exception of the soldier-computer interface which is contained in TOP 1-1.
058, Human Factors Evaluation of the Soidier-Computer Interface. Supplementary
sources of guidance are indicated when required. It encompasses the HFE procsdures for
the testing of design, functicnal performance and environmantal considerations for the
major test functions (operability, maintainability, transportability,
portability/usability, erectability, and habitability) applicable to the HFE assessment.
This TOP contains two parts: Part |, Test Procedures and Pant |l, HEDGE. Par |, Test
Procedures, provides guidance on how to plan and conduct an HFE test. This part also
includes spacific test procedures and sample data collection forms, such as checklists,
questionnaire/ interview sheets and other data collection forms. Part Il, the Human
Factors Engineering Data Guice for Evaluation (HEDGE) provides planning guidance
concerning what to test and includes guidance in the selaection of applicable test
functions, test conditions, performance tasks, and detailed design criteria. The scope of
the HFE test during the technical test phases is specified in TECOM Supp! 1 to AR 602-1.
The scope of HFE testing during customer tests wili be limited to that specified by the
customer.

Note: Procedures for human body vibration and toxic fumes hazards are not included in
this TOP. TOP 2-2-808 addresses field shock and vibration tests of vehicles. TOP 2-
2-614 addresses toxic hazards tests for vehicles and other equipment.

The material contained in this TOP does not include detailed methods for statistical
analysis of data. Guidance for statistical treatment of data is contained in standard
sources such as DARCOM PAMPHLET 706-103, Engineering Dasign Handbook-Selected
Topics in Experimental Statistics with Army Applications, December, 1983.

1.2 Using TOP 1-2-610 This TOP consists of two parts as follows:
a Part |- Test Procedures
b. Part Il - Human Factors Engineering Data Guide for Evaluation (HEDGE)

It is intended that the materiais provided in TOP 1.2-610 be tailored 1o the
requirements of a particular HFE test. In particular, data collection forms provided in
Appendix A of Pant |, Task Checklists provided in Appendix A of HEDGE, and Design
Cherklists provided in Appendix B of HEDGE should be modified based on results of the

test planning process.

The HFE specialist should read Sections 1-4 of TOP 1-2.610 Part 1 fo gain an
understanding of the HFE test process. To plan a test, carry out the steps described in
Section 3.0 referring to the various Appendixes and 10 Part || HEDGE or {0 other TOPs
and documents as indicated. As test requirements are defined, materials, checklists, data
eollection forms, eic. should be modified as necessary.

1.3 Applicable Documents The primary source of HFE design criteria which are
. usec in HFE testing is MIL-STD-1472D, Human Engineering Design Criteria for
Military Systems, Equipment and Faciiities. It will be necessary to obtain 8 copy of MiL-
STD-1472D In order to use TOP 1-2-610 because the TOP referances design criteria
and data contained in MIL-STD-1472D. Essentially, TOP 1-2-610 provides HFE test
guidance, specific test procedures, and materiais which allow the HFE specialist to
identify reievant criteria and to organize the dat: collection effort necessary to test an
item against these criteria.
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It is recommended that the test activity obtain additional decumentation depending on the
types of HFE testing anticipated. The following documents have wide applicability to
many HFE tests.-Other raferences are applicable 1o spacific tes! types and are provided
in Appendix F of Part |.

MIL-STD-1472D Human Engineering Design Criteria for Military
Systems, Equipment and Facilities

MIL-HDBK-759A(MI) Human Factors Engineering Design for Army
Matcriel (Metric) with Change Notices 1 and 2

TOP 1-1-059 Soldier-Computer Interface
AR 602-1 Human Factors Engineering Program

TECOM Regulation 70-24 Research Development and Acquisition -
Documenting TECOM Testing

TOP 1-1-012 Classification of Deficiencies and Shortcomings

TECOM FAM 6G62-1 Questionnaire and Interview Design (Subjective
Testing Techniques)

AMC Regulation 70-13 Test Incident and Related Reporting

AR 602-2 Manpower and Personnel Initegration MANPRINT) in Materiel
Acquisition Processes

TECOM Regulation 70-§ Use of Soldier Operator-Maintainer Test and
Evaluation (SOMTE) Personnel in Technical Testing

DARCOM PAM 706-103 Engineering Design Handbook - Selected Topics
in Statistics with Army Applications

MIL-STD-12 Abbreviations for Use on Drawings, Specifications,
Standards, and in Technical Documents

MIL-STD-1280 Keyboard Arrangements
MIL-STD-1801 (USAF) User/Computer Interface

TOPs are available from the Defense Technical Informatinn Center (DTIC), Defense
Logistics Agency, Cameron Station, Alexandria, VA, 22304-6145. Other TECOM
documents are available from TECOM Headquarters. Federal and military specifications,
standards and handbooks are available from the Naval Publications and Forms Center
(ATTN: NPQDS), 5801 Tabor Avenue, Philadelphia, PA 19120-5099. Ameiican
National Standards iInstitute (ANSI) and International Standards Organization (1SO)
documents can be obtained from ihe American National Standards Institute, inc., 1430
Broadway, New York, NY 10018, Society for Automotive Engineers (SAE) documents can
be obtained from the Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096-0001.

2.0 FACILITIES AND INSTRUMENTATION

Specific requirements for facilities and instrumentation are included in the Specific Test
Procedures (sactions 5.1 through 5.20). General regquirements are given below.

2.1 Facilities Facility requirements depend on the classification of the tem being
tested and on the test conditions. Facilities normally provided for other subtests are
often adequate for the requirements of HFE testing. Any additional facilities required for
.HFE tests are so specified.
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2.2 Instrumentation Requirements for instrumentation generated in an HFE test
plan can, in most cases, be satisfied through use of the TECOM HFE Instrumentation
Package. A list of package components is shown in TABLE 2-1.

Table 2-1. TECOM HFE Instrumentation Package Components

Measurement Instrument Specificetion or Standard
Noise Sound Levsl Meter ANSI S1.4 (Type 1)
Band Filters ANSI S1.11 (Type E, Class Il)
iHlumination Photorneter .002 to 300 Footlambert + 4%

Force, Torque
and Dimension

Torque Torque Gauges
0-80 in.-ib. + 0.1 in.-lb.
0-160 in.-ib. + 1.0 in.-lb.
0-240 in.-ib. + 3.0 in.-lb.
0-20 ft.-1b. + 0.2 ft.-1b.
0-100 ft.-1b. t 6.4 ft.-1b.
Torque Wrenches with 25
and 75 ft.-lb. capacities

Force/Weight Force Gauges
0-500 ¢ £+ 01 g
0-32 o2 t 0.25 oz
0-5 ib. +10 oz
0-20 Ib. + 0.15 Ib.
0-40 Ib. +05 Ib.
0-590 Ib. + 05 Ib.
0-250 Ib. 25 ib.

Push-pull Gauges (2, 5,

50 and 250 Ib. capacities)
Accessories 1o include notched
head, flat head, cone head, chisel
head, hook and extension rod

Digita! scale
Dimensions and Dial Calipers
Angles
Tape Measures (12, 20,
100 feet)
Protractor 1 1.0° T

Metric/English unit conversions sre provided In Appendix G

7
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Table 2-1. TECOM HFE iInstrumentation Package Components
(Continued)

Measurament

instrument

Specification or Standard

Atmosphere and
Enviranment

Dry Buib Digital Thermometer -22 10 199° F t 0.9°F
Temperature
Relative Aspirating psychrometer 0 to 120°F £ 0.5°F
Kumidity
Wet Bulb Global WBGT Heat Stress ISO 7243
Temperature Monitor
Air Velocity Hot Wire Anemometer 0 to 1000 tpm. + 3%
Wind Speed Indicator + 1.75 mph.
Anthropometry
Body Dimensions Anthropometer + 0.1 em.
Sliding caliper + 0.1 em.
Spreading caliper + 0.1 cm.
Tape Measure + 0.1 cm.
Anthropometric chair + 0.1 cm.
Goniometer t 0.1 cm.
Weight Digital scale t 1.0 b.
Performance
Video Tape Camera
Recording Recorder
System Monitor
Still Polaroid camera
Photography 35mm camera
Time and Digital timer
Events Multiple event counter
Audio tape recorder
Support Tool kit
Equipment Equipment cases

Instrument tripods
Binoculars

NiCad battery charger
Scientific calculator

- -

Metric/English unit conversions sre provided In Appendix G
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3.0 PREPARATION FOR TEST

Prior to using TOP 1-2-610 to plan an HFE test, ghiain copies of the following for the
fes! flem:

& TECOM Independant Assessmant Plan (IAP), Army Materiel Systems Analysis
Activity (AMSAA) Independent Evaluation Pian (IEP) or AMSAA Test Design
Plan (TOP)

b. System MANPRINT Management Plan

¢. Taechnical Manuals

d Required Operational Capability (ROC) and/or System Specification

To get copies of these documents, contact:

a the Test Activity Test Director

b. the HFE counterpart in the RAM/ILS/HFE Division at TECOM HQ
c. the TD&E Officer at AMSAA

d the Testor Assessment Officer at TECOM HQ

The primary emphasis in human factors engineering testing must be placed on an
assessment of the effectiveness and degree of safety with which the test item can be
operated, maintained, occupied, transporied, or otherwise used by qualified personnel in
the designated environment. The major requirements in the preparation of an HFE tes!
are to identify what is 1o be tested, how the test is to be conducted, and what criteria are
to be used. The determination of what is to be tested and analyzed in an HFE test requires
the identification of objectives and critical issues for testing, and the selection of test
measures. In the process of determining critical issues, previous test records on the
items shou'd be studied to ascertain any human factors problems that may have arisen in
earlier development testing. HFE objectives, as well as related critical issues, may be
designated in the Independent Assessment Plan (IAP), Independent Evaluation Plan
(IEP), Test Dasign Plan (TDP), or othar pertinent information concerning the test item.
Such background information sha!l be used to tailor the HFE subtest, as well as the data
collection techniques, to the particular item being tested. An HFE Test Planning
Checklist for ensuring that applicable steps are followed is provided in Appendix A of
Part 1. This checklist should be used throughout the test planning process. For some
HFE tests, the HFE specialist should coordinate with other test elements 1o insure the
availability of facilities and instrumentation or data appropriate for the HFE subtest.
The specific steps to be followed in preparing an HFE test plan are described below.

3.1 Step 1 - Classify the Test Item The initiai step in the planning of an HFE
test is 1o classify the test item inte one or more of the appropriate test item classes.
Guidance contained in HEDGE, Part Il of this TOP, is presented in terms of the following
Tast item Ciasses and Subclasses, which are fully defined and described in HEDGE:

& Vehicles - Maneuvering, Air, or Non-Maneuvering

b. Weapons - Individua!, Craw Served, or Ammunition

c. Materiel Mandlers - Soldier-Operatea or Soldier-Monitored
d

Electronics/Sigrals - Sensors & Detectors or Information/Command-Control
Systems

e. Operational Support - Maintenanca & Repair Equipment, Matede! Production
& Environment Control, or Major Construction liems

f. Troop Support - Consumables, Clothing & Personal Equipment, or Living &
Working Areas.
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3.2Step 2 - Detarmine the Applicable Test Functions The lest functions of
concem in an HFE test, as fully defined and described in HEDGE, are listed balow:

a Operability tests are applicable in all HFE tesis of Developmental and Non.
Developmenta! Items.

b. Maintainability tests are spplicable in all HFE tests of Developmental and
Non-Developmental ltems.

¢. Ponability/Usability tests are applicable in all HFE tests of Developmental
and Non-Developmental ltems.

d Erectability
e. Habitability.

3.3 Step 3 - Identify Use Conditions Use conditions are factors which may
influence operability, maintainability, etc. and include environmental factors such as
cold’heat, day/night, efc. under which the item may be used. Use conditions, however,
can glso arise from mission factors or characieristics of iest participants.

The HFE specialist planning a test will ansure that HFE tests are performed under
conditions representative of item use to the extent that such conditions are expected to
have an effect on performance in operating or maintaining tho item. HFE tes! criteria
which involve use conditions are inciuded in the Sample Design Checklists in Appendix B
of HEDGE. Potential etfects of envifonmental conditions on operator/maintainer
performance are also given in Appendix D of Part | and effects ¢! cold environments are
provided in TOP 1.1-003. Applicable use conditions should be selected from the
following lists:

3.3.1 User (Test Participant) Conditions Use conditions associated with the
test participant include individual differences between peisonnel and clothing’
equipment requirements which could atfect operabiiity/maintainability of the test item.

a Gender (male, fernale)

Body size (height. weight, etc.)

Limb size (dimensions, reach distancs, efc.)
Clothing (size, type)

Encumbrances {combat pack, weapon, radio)
Skills and knowledge (MOS, experiencs, training)

Special considerations (handednass, physical strangth, wearing of eyeglasses,
and facility of spoken English).

© ~enpnoo

3.3.2 Environmental Conditions Use conditions associated with the environment
inciude climate and weather under which the item will be operated and factors associated
with the intended missicn which could afiect operability/maintainability of the test
tem. Expecied HFE environmental effects have been identified for item tasks by Test
Function and Test! Item Class and Sutclass. These environmental effects are presented in
Appendix D of Part . In developing & test plan for a specific item, the-HFE specialist
shoukd consult the pages in Appendix D of Par | appropriate 10 the Test Function and Test
ltem Class and Subclass and identify snvironmental use conditions to be included in the
test. Some of these are listed below:

10
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ST

Weather (rain, znow, fog and similar meteorological conditions which aftect
vigibility and maobility)

Temperature (extremes of hsat and cold)

Humidity (extremes - assessed in conjunction with lemperature)
Climate (lemparate, tropic. desart or cold ragions)

Wind (effects on mobility, handling n! components)

Terrain (typa, evenness, hardness - effects on mobility or footing)
Ventilation (effects on comfort, safety and performance)

Airborne contaminants (dust, noxious fumes)

Lighting (type, location, levels - effects on visibility)

Noise (spectrum, loudness - effects on comfort, safety, reception of
communication, verformance)

Vibration (spectrum and intensity - effects on comfori, safety and
performance).

T - Te ~eao o

=

3.3.3 Operational Conditions Operational use conditions include characteristics of
the deployment and mission which could atfect operability/maintainabiiity of the test
item such as :

a Threal characteristics (lype, number, distance, deployment)

b. Force charazteristics (mission profile, operational mode summary, crew
composition)

¢. Conditions of readiness

d Blackout conditions

a. Logistical constraints

f. Emergency conditions.

3.4 Step 4 - Identify/Analyze Operator/Maintainer Tasks One of the pri-
mary objectives of HFE testing is to verify that design characterisiics of the test item
are or are not aclequate to support the intended use of the item. The intended use is best
specified by a set of tasks which the operator/maintainer will perform. Once a set of
tasks has been deiined for each of the applicable test functions, Task Checklists can be
used to verity ihat the design is adequate for performance of the task or that a human
factors engineering problem exists for the task. Sample Task Checklists are included in
Appendix A of HEDGE. These can be modified to represent specific tasks characteristic of
the test item.

3.4.1 Task identification and Analysis [dentification of tasks to be analyzed
begins with & review of the test support data package accompanying the test directive and
test item. Details of Step 4 are included in section 2.4 of HEDGE. Sources of Soldier/ltem
Task information may include any or all of the following

a Contracior Task Analyses

b. Generic Soldier/item Tasks

c. Test item Operating and Maintenance Manuals
d Operator/Maintainer Experience

1
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At a minimum, all high and moderale criticality tasks shall be identifisd as defined in
section 2.4 of HEDGE. The test plan will be crganized to verify sultability of design
characteristics for the performance of these tasks or to detect HFE problems in task
performance. All critical tasks shall be recorded on the Preliminary HFE Analysis form
provided in Appendix A of Part |,

3.4.2 Criticality Analysis When the critical tasks and task sequence have been
identified, an analysis shall be performed to determine:
a Who performs the task?
What performance criteria apply 1o the task (time, rate, sequence, etc.)?
Are controls and displays involved?
What inforrnation input is required from other personnel?
What commands are required from other personnei?
Are potential errors associated wiih the task?

How the operator or HFE speciaiist knows that an error has occuired
(teedback)?

h. What environmental conditions (both climatological and technical or
equipment produced) may be expected lo influence performance of the task?

i. What conditions specific to the operation will alfect performance of the lask
(body size, clothing, skill level)?

o ~o a0 0

3.4.3 Tailored Task Checklists As the sequence of tasks is identified, a specific
Task Checklist appropriate to the Test ltem Class and Subclass shall be completed. This
involves developing an item-specific Task Checklist from the appropnate Sample Task
Checklists in Appendix A of HEDGE, adding any other tasks judged to be of high and
moderate criticality and deleting generic 1asks found not applicable to the test item. The
Task Checilist must be completed at this point in the planning process so that it can be
used to idenlity potential problems and areas where further investigation will be
required in the HFE test.

3.5 Step 5 - Conduct Preiiminary HFE Analysis The HFE speciaiist or test
planner will use any and all available information, including the technical data package,
manuals and the test item itself if it is available to conduct the preliminary HFE
analysis.

3.5.1 Frepare Preliminary HFE Analysis Form When the HFE specialist has
identified tasks from the task checklists which should receive special consideration in
the HFE test, an enumeration of these tasks shall be made on the Preliminary HFE
Analysis form. A copy of this form is provided in Appendix A of Part {. For each task
identified, factors to be considered in the test will be determined in terms of
environmental conditions (e.g., effects of ambient noise on a communication task, or
effecis of iliumination on an inspection task); equipment characteristics (8.9.. size,
shape, location, visibility, etc., 0f components); test participants’ characteristics (8.9..
limb length, clothing conditions, experience with similar items), and performance
(weapon delivery, tracking, road following, decision making, etc.).

3.5.2 Walk-Throughs and Tsik-Throughs Walk-Throughs and/or Talk-

Throughs can be conducted by the HFE specialist if sufficient information exists about
operator/maintainer tasks. Alternatively, an axperienced operator/maintainer should

12




1% May 1000 TOP 1-2.810

assist the HFE gpecialist. The analysis consists of considering sach task in sufficient
depth to identity:

& Polentia! HFE pmblems in: equipmaent design characteristics, snvironmental
effects, and system performance

b. Test participant characteristics (body dimensions, skills, ciothing) 1o be
vaiuated

c. Types of tests 10 be included and measurements required
d General data requirements
@ Facilities and instrumentation required.

3.6 Step € - identify Design Test Criteris item design criteria are the
standard HFE criteria which specity limits of forces, dimensions, workspace, noise,
visibility constraints, weights, clearances, arrangements, and operational conditions.
These criteria, derivad from MIL-STD-1472D and other applicable military standards
and specifications, are presented in the Sample Design Checklists in Appendix B of
HEDGE. Selection and devslopment of item-specific Design Checklists is covered in detail
in section 2.6 of HEDGE. The Design Checklists serve two purposes. First, they provide
an indsx to the design critesia contained in MIL-STD-1472D. Second, they can be
modified by deleting checklist items which are not applicabie 1o the test item. The item:
specific Design Checkiists can then be used for data coliection.

HEDGE provides a means of classifying test items as described in section 3.1. Based on
this classification, the component types generally associated with the Test Item Class and
Subclass are identified. There is a Sample Design Checklist in Appendix B of HEDGE for
gach component class. Within a particular Design Checklist, items are grouped according
to HFE considerations defined in HEDGE. Where a Design Checklist item is based on
requirements of MIL-STD-1472D, a reference is provided to the appropriate paragraph
in MIL-STD-1472D. if a Design Checklist item is clearly not applicable to & test item,
it can be deleted from the item-specific Design Checklist. The referenced paragraph in
MIL-STD-1472D should be consulted to determine applicability and to obtain detailed
information on which to base a decision on design adequacy of the test item,

3.6.1 Detsrmine the Applicable Test Item Components The HFE subiest
shall include procedures for the test and analysis ot the HFE design, technical and
performance characteristics of the system. To determine the specific characteristics
applicable to the system being tested, the HFE specialist must identify the Test item
Compenents with which the operator/maintainer interacts in perfcrming the specified
tasks. This identification is made by using section 2.6 of HEDGE.

3.6.2 Tallored Design Checklists The HFE specialist must select those Design
Checklists and design criteria which apply to the salected Test item Components. The
Design Checklists for the test item will then be devaeloped based on the generic Design
Checklists contained in Appendix B of HEDGE.

3.7 Step 7 - Select Test Procedures The selsction of test procedures depends
in"large part on the type of test and the item being tested. There are two general
categories of HFE tests: design tests and performance tests. Both categories of tests mus!
be used by the HFE specialist in planning the HFE subtest. (1) Design testg are directed
foward measuring and sssessing the HFE technical and design characteristics of the itern.
(2) Performance tests are concerned with determining the adequacy of the soldier-
machine interface and the performance capability of the operator/maintainer when
using the item. The selection of specific tests within each of the two general categories
depends on the type and complexity of the liem or system being tested.

13
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3.7.1 Equipment Technica! and Dassign Characteristice Technical charac-
teristics include the mechanical, thermal, atmospheric or illumination enviranments
created by the ifem during use, and the enviroamental conditions under which the tem
must bo operatecd and maintained (weather, climate, iemperature, noise, terrain,
Hlumination, etc.). Technical characteristics are assassed using specitic Test
Procedurss which are descrited in sections 5.1 through 5.3.

Design characteristics inclurie the physical dimensions of the item rumponents which are
used by or wkich contact the item operator/maintainar. These componants inciude
controls, displays, steps and ladders, labels, communications equipment, doors,
tasteners, handles, opilics, workspace, seats, tools, and any other glemenis of the item
which are hanaled, controiled, adjusted, avoided, moved, read, communicated or
contacted by personnel during item use. Design characteristics are assessed using
specitic Test Procedures which are described in sections 5.4 through 5.7. HFE Design
Checklists (section §.8) will be used to assess the adequacy of both the technicai ang
design aspects of the equipment.

3.7.2 System Performance Tests and Analysis Performance can either be
directly measured or inferrad. |If inferred, it can be described either analytically or by
test particinants. Direct measurements of performance producing quantitative, objective
measures of system (soldier-machine) performance capability should be used.
Measurements should be identified from the task analysis, specifically the performance
standards. Where the standards require a specified rate of fire, or first round accuracy,
or time 1o troubleshool a component, or some similar specified level of performance, a
diract measurement perforrancs test is indicated. These data may be obtained from tests
conducted for other subtests such as RAM or safety. To supplement direct measuremenis,
and to provide data where direct measurements are not possible, performance analyses
are conducted. The objective of these analyse: is to identify system performance
problems. The analyses may be conducted by the HFE specialist or they may be based on
information received from personne! after a period of operating or maintaining the item.
Examples of performance analyses include error likelihood analysis, workload analysis,
team interaction analysis and training effectivenes: analysis. The specific methods for
conducting these analyses are presented in seciions 5.9 through 5.20. Performance
problems may be identified by the HFE =pecialist tarough the use of Test Procedure 17
described in section 5.17 and the Sample Task Checklists provided in Appendix A of
HEDGE. Special cold regions problems are addressed in sections 5.19 and 5.20.

3.8 Step & - Develop Questionnaires and Interviews Valid and reliable data
reflecting personnel opirions and insights concerning soldier-item system performance
capability, military ulility and soldier acceptance shall be obtained through the use of
carefully prepared and administered questionnaires and interviews. These methods are
employed to obiain opinions, attituces and preferences of personnel who have “hands-on”
experience with the equipment. They serve also to supplement and clarify information
derived from observations and measuremenis conceming identification of use probiems,
magnitude of problems, causal factors, and test participant parceptions of implications
and effects of such problems. Guidance in the preparation of questionnaires and
Interviews is given in section 5.18 and sample questionnaire and Interview materiais
are contained in Appendix B of Pant i. Additional detailed guidance i the preparation of
questionnaires and interviews Is aiso provided in TECOM PAM 602-1.

3.9 Step 9 - ldentify Test Participants Ths sample of tes! padicipants used
shall be representative of the user population in terms of MOS, skill leval, and training.
Test project personnel, therafore, shall review the item documentation to datermine the
following characteristics of the intended user population. In addition, any specific

14
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:;aining programs necessaty {0 operate, maintain, or otherwise uso the item must be
entitied.

Although ihe names of iast periicipants should not be used In test reports, each
participant should be identified by a cocle. This code neads 10 be consisteiit betwean the
various HFE procedures and data forms (i.e. Questionnaire/interview responses and
comments, demographics, snthroporetry, tasks checklists, speech intelligibility, etc.).
It soidier, operator, maintainer, test and evaluation (SOMTE) personnei are used as test
participants, their sequenco numbers from the SOMTE electronic data base should be
used as the code. (See TECOM Regulation 70-5 for a dascription of the data base.) If test
schedule end review committee (TSARC) soldiers or DA civilians are used, any
consistent code will suffice.

The information lisied below represenis sampie ciiteria for subject selection. The
distribution of sach characteristic in the test participeni sample shall be similar to that
of the population distribution within selection constiaints. The characteristics to be
determined and recorded for all participants shall include consideration of the following:

a Gender The representation ¢f male and fema'e in the test $ample shouid be
similar to that of the intended user populator.

b. Physical Dimensions Ranges of height: #nd weights shall be specified,
Qiving due consideration 10 the range of thass dimensions expected of typical
user personnel when the system is fielded. Specifically, the range should
encompass the 5th through 85th percentiie as described in TABLE 2-10 in
MIL-HDBK-759A(MI). Determination must be made of specific body
dimerisions of importance for item use (reach, seated height, kneeling, etc.)
and.the 5th through 95th percentile values of thaese gimensions should be used
(FIGURE 29 and TABLE XIX in MIL-STD-1472D). No person with a special-
duty or iimited duty profile can be permittad to participate unless & task
analysis reveals that the restriction on his activities has no impact on the
tasks required in the test.

c. Sensory Acuity All test participants should have had a recent (within the
last 12 months) test of vision and audition. If vision or audition are critical
fo the test functions, the appropriate test shall be given both immediately
before and after test operations. Minimum standards should be stated ior each
of these sensory medalities depending upon an analysis of the requirements of
the tasks to be performed. The inclusion of participants who wear glasses
should be considered if appropriate to the particular test.

d MQOS The required MOS will normally be specified in the IAP, IEP, TDP, or
other test directive. If it is not, a determination must be made of the MOS and
whether the specifed MOS must be the test participant's primary MOS or
whether & soldier with this specialty in a MOS is acceptable. If alternate
speciaities include the required training and are acceptable substitutes, these
are 1o be listed in the IAP, IEP, or TDP.

e. Grade Test participants should represent the grades and skill levels
specified for test liem users or as specified in the Requirements Document.

f. lam Specitic Training ¥f training is required for use of the test item, this
training shall be provided to test pariicipants prior to data cellection.

15
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3.10 Step 10 - Identify Test Facllity snd Ingstrumentation Require-
ments The identification of facilities and test instrumentation needed shall be made
for each Test Procedure described in sections §.1 - §.20 in accordance with the test
measures to be applied 10 each procedure.

3.11 Step 11 - Identity Test Controls The test controls approprigte 1o the
particular test item must be applied. The following controls &re noted because of their
special significance ior HFE testing.

3.11.1 Control of Test Participants Selection of personnel fo serve as
operators and maintainers, based on characteristics identified in Step 9 (section3.9),
serves 10 counteract personnel biases and differences in experience, motivation, and
skills.

3.11.2 Control of Procedures Operalors and maintainers are to perform
according to standard procedures, as indicated in the appropriate technical manuals or
operator and maintenance instructions accompanying the test item. This ensures more
valid inferences from test results with regard to representative participants.

3.11.3 Controls for Comparison of Competitive Systems When ccmparing
competitive items, personnel operating the competitive items should have comparable
training (i.e., personnel shouid be cross-trained on the items being compared). To
minimize the effects of variability (soldier and machine) due to performing over a
period of tim&, whenever possible conduct the comparison tests in the same time frame
under the same environmental conditions. To further minimize the influence of such
sources of variability, it possible, repeat the test procedure switching the person (or
crew) from item A to item B as discussed in section 3.11.4,

3.11.4 Contrel of -Assignment of Test Participants to Test Conditions
Certain HFE test procedures involve operator/maintainer performance of tasks required
by the test item. In these cases, tesi participant performance is measured in terms of
task completion time, number of errors, or other variables which characterize operator
or system performance. Often such performance tests and measures are applied to
competing systems or alternate designs to determine the relative effectiveness of these
from the HFE standpoint. These performance oriented tests sometimes involve more than
one Test Condition defined by multiple test items, variants of a test item, or a single test
item which needs 10 be tested under different use conditions. Competing systems such as
two trucks might be tested to determine which befter meets Army requirements.
Variants of a test lem might arise if a target acquisition system could be procured and
operated using digital terrain data or using operator inputs from maps. ltems are often
tested under multiple levels of use conditions such as day/night, temperate/arctic, efc.
In general, multiple test conditions arise whenever the same lests must be replicated 10
provide comparative data on competing test iterns, on test item variants, or on effects of
use conditions on test item operability/maintainability.

Multiplie test conditions will be denoted as A, B, C, etc. If two compating items were 1o be
tested, they might be calied item A gnd item B. If three types of handwear were 10 be
evaluated in terms of restrictions on hand/finger dexterity, there might be four test
oonditions - gloves A, B and C and a gontro!l condition D in which participants do not wear
gloves. If a mobile antenna were o be assembled by 8 crew under both temperate and
arctic use conditions then temperate might be called condition A and arctic condition B.
The essential feature is that the same tasts and measurements will be-applied to test
conditions A, B, . . . . etc. 1o obtain data which will allow comparative evaluation of the
conditions. Clearly, it is important that the tests be unbiased. Differences in test

16




15 Mey 1800 TOP 1-2-810

participant performance under the various conditions should be a function only of
propertias of the conditions and not dua to extraneous factors introduced during the test.
Where measures of tes! participant performance will be used as evaluation criteria, two
potantial extraneous factors to guard against are individua! ditferences in gkill between
test panticipants (or crews) and changes in skill over time due % leaming and practice.

The term individual differences refers to the fact that on any task certain persons will
perform better than others. This may be due to differences in sensory aculty, strength,
memoery capacity, experience on similar tasks or whatever. The goal shoulki be to control
this source of variability in performance so that it does not bias the lest results.
Whenever the data for item A arise {rom one group of test participants and the data for
tem B arise from another group, apparent dilferences in performance between items A
and B could actually be due to ditferences in skill between the groups and the test would
be biased. Whenever possible, the same group of test participants should be used in each
test condition. In the hypothetical test of handwear discussed above, the same group of
test participants should perform dexterity tests under all four conditions. if one sub-
group uses gloves A, another sub-group uses gloves B and so forth, it is possible to get
spuriously high scores for one test item because the paricipants assigned to that item
happened to be better at the dexterity task than were the other participant groups. This
is particularly true where the sub-group sizes are smali. The preferred approach in
which all participants are used under all test conditions is sometimes called the within-
subjects method because comparisons of results are made within participants.
Ditierences in performance associated with test conditions are calculated by comparing a
participant's performance in one condition with his/her performance under another
condition. In theory, this provides control for individual differences and it is said that
"each participant serves as his’her own control”.

There are cases where the within-subject approach cannot be used. If the test project
has only ten targets available and these are acquired by a group of operators using target
acquisition system A then having the same group acquire the targets again using system 8
wili bias the results in favor of B since the crew members will know the target
locations. If the hypothetical mobile antenna is erected at a test center under temperate
climate conditions and is then shipped ¢ the Cold Regions Test Center for use under
grctic conditions, it may be impossible to also transfer the test participants. Whenever
possible, however, the within-subjects approach should be used in which each test
participant serves under each test condition.

3.11.5 Control of Order of Presentation of Test Conditions Given that all
test participants are to serve under each test condition, biases due to the order of
presentation will need to be controlied because of learning and practice effects. Since
each test participant will perform tasks under each tast condition, the conditions will
have io be presented in some order such as A first, B second and C third. The problem
here is that participants performance will probably improve over the course of the test
because of practice as the tasks are repeated. In the case above if performance under
condition C were better than under B and better under B than A, thers would be no way 0
tell if this Is due to true differences attributable to the condiiions or due to learning on
the part of the participants. Tha solution is to counter-balance the order of presentation
. by varying this from one participant to another. This can be done by randomly assigning
panicipants to groups where there are as many groups as there are test conditions. If
four conditions ere to be tested and twenty participants are available then groups of five
woulkd be used. -~

Some counter-balanced orders of presentation of two, three, and four test conditions are
shown in FIGURE 3-1. Participant groups of five are shown in FIGURE 3-1 but this
could be any number depending on the number of conditions and the number 0! test
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In section A. of FIGURE 3-1, two test conditicns A and B are shown. Ten participants are

used in the tesi and are assigned at random to groups (1-2) and participant numbers
(1-10). If a weapon is to be emplaced while wearing arctic mittens under condition A
and without arctic mittens under condition B, then group 1 (participanis 1-5) will set
up the weapon first while wearing mittens and will then set it up again while not
wearing mittens. Group 2 (participants 6-10) will set up the weapon first without
mittens and then with mittens. Conditions A and B will have received an equal number of
trials by each test participant and under each trial block (1 and 2). in principle,
Individual differances between participants wiil cancel out and effects of practice which
gre associated with trial blocks 1 and 2 will cancel out of comparisons between the two
conditions. In conducting the test in the order shown in saction 2 of FIGURE 3-1, all
participants should practice the weapon empiacement tasks without mittens before data
are collected. It is sometimes suggested that sufficient practice should be given before
data collection begins that performance has improved due to practice as much as it is
going to. The learning curve will then be @t an asymptotic value or “participants will be
&t the top of the learning curve®. Unfortunately, human performance on skilled tasks
generally continues lo show marginal improvement after months of daily practice and
thousands of trials. The preferred approach is to provide as many practice trials as
project resources will permit and then use a counter-balanced order of presentation of
conditions as shown in FIGURE 3-1.

Some courter-balanced orders of presentation are shown in FIGURE 3-1 for three and
four test conditions. if there are more than four conditions, construc! & schedule for the
order of presentation by following the pattern in sections b and d in FIGURE 3-1. The
arrangements of orders of presentation in FIGURE 3-1 are called latin squares. Each
condition appears once anc only once in each row and in gach column. If any two rows or
any two columns of a latin square are interchanged, the result is still a latin square.
Sections ¢ and e in FIGURE 3-1 are random rearrangements of sections b and d.

3.12 Step 12 - Deveiop Test Plan

3.12.1 Preparation of Detailed Test Plan The HFE subtest plan shali be written
in accordance with TECOM Reg 70-24. The subtest plan shall follow the following
format:

a. Qbjective This shali be a concise statemant of the objective »r issue to be
addressed in the subtest, including the subtest's relationship with the overall
test objectives.

b. Criteria This shall be @ statement of the criteria contained in or referred to
in the AP, IEP, TDP, or TECOM directive. The sources nf all criteria should
be clearly identitied down to the paragraph number.

c. Data Reguired This shall be a statement that details tha specific data to be
obtained during the test. This shall specify the accuracy recuirements of the
data and the numbers of samples or observations.

d Data Acquisition Procedure This shall detail the procedures 10 be used in

oollecting the data. The TOP procedurs should de referenc »d along with a
brict description of the procedure. If the procedure deviates f.om a TOP or in
the absence of a TOP, the procedure shall be described in detsl.~-

e. Iechnical Acsessmernt This shall describe how tha data listed in the data
required secticn will be reduced and analyzed, and how comparison against the
criterion statements will te made.
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3.12.2 Review of Test Plans Foliowing preparation of the HFE portions of the
Petailecd Test Plan, the test project personnel shall review these plans to ensure that
factors which could reduce the validity and reliability of the results have been
eliminated. In particular, the test conditions io be employed and the lest design are 1o be
reviowad to determina if the planned iest will provide unbissed cata. Questions
concerning impact of the test design on data validity should be referred to the
BAM/LS/HFE Division, Headauarters TECOM.

4.0 DATA REQUIREMENTS AND ANALYSIS

4.1 Data Required Data to be acquired in an HFE subtest include the data that are
general to all types of tests and the data that are specific to the Design and Performance
tests.

4.1.1 Data General to All Types of Tesis
a Demographic data on test participants

b. Descriptions of test conditions and controls (temperature, terrain, weather
conditions, day/night, operation location, ice-snow conditions, visibility
conditions)

¢. Description of the test design, run schedule, and test conditions for each run

d Descriptions of instrumentation used: name, type, serial number, and
manufacturer

e. Descriptions of facilities and materisls used

f. Description of modifications made to instrumentation for operation in cold
regions.

4.1.2 Data Specific to Design Tests Design test data are based on technical and
design characteristics.
4.1.2.1 Design Tests Based on Technical Cha;acteristics

a Lighting data

b. Moise data

¢. Temperature, humidity, and venti. ‘ion data.

4.1.2.2 Design Tests Based on Equipment Cha acteristics
Visibility data

Speech intelligibility scores

Work space evaluation data

Force/torque measurements

Complated design checklists (equipment dimansions, workspace, 8ccess.
controls, displays, etc.) ..

Dexterity scores.

®*poOop

-y
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4.1.3 Daia Specific to Performance Tests Performance Tesi data are based on
HFE specialist analysis, direct measurernent, and problem ilentification.

4.1.3.1 Ps LS !
a Error likelihood estimates
b. Workioad assessment

¢. Team interaction assessment
d New Equipment Training (NET) effectiveness assessment.

4.13.2 Pedormance Tests Based on Direct Measurements

Recorded times, rates, accuracies, etc.

Reccrded error rates - from error reports

Recorded frequencies and durations of occurrence
Recorded consumption or quantity used

Recorded resuits of interviews/questioninaires, chacklists.

4.1.3.3 Performance Tests Based on Problem Identification
a ltem user reported problems
b. Completed task checklists
¢. Probiem identified in HFE analysis.

[ I LI N Y RASENY (1 ANgN

® p o o

4.2 Data Reduction ¢nd Presentation The degree 1o which the test item and its
associated maintenance and training package conforms or does not conform to human
factors engineering specifications, standards, and requirements should be presented in
narrative form. instances of nonconformance should be supporied by relevant
measurements and photographic illustrations.

4.2.1 Design Shortcomings and Deficiencies The causes and consequences of
nonconformance shall be analyzed with regard to effect on systems and mission
performance and defined in accordance with TOP 1-1-012 as a geficiency, shortcoming,
or suggested improvement. Test incident reports (TiRs) should be completed in
accordance with AMC Regulation 70-13. All g titative measurement data (e.g.,
anthropometric, noise, iliumination, temperature, €...) shall be presented in tabular or
graphic form for direct comparison with the specified criteria and to show the degree of
compliance or noncompliance. The raesults of observation checklists and questioninaires/
interviews shall be summarized and presented in tabular form. When adequate samples
are available, the results should be submitted to statistical analyses. Any degradation of
the effectiveness of the soldier-iterrn relationship with regard to operation, maintenance,
transport, or military utisity of the system shall be as:essed and corrective action
recommended.

4.2.2 Statistical Analysis Where multiple measurements are taken of a particular
fest item characteristic because the measurements are subject to random fiuctuation,
appropriate descriptive statistics shall be calculated from these dala. Applicable
statistics include measures of centra! tendency including the mean, median and mode and
measures of variability including the standard deviation and interquanile range.
Frequency distribution analysis includes tabulation of raw frequency data, conversion to
proportions or percent values and graphing using bar charts.
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The matorig! sontained in this TOP does not include detailed methods for statistical
analysis of data. Guidance for statistical treatment of data is containeg in stanuard
sources such as DARCOM PAMPHLET 706-103, Engineering Design Handbook-Selected
Topics in Experimental Statistics with Army Applications, Dacember, 1983.

5.0 SPECIFIC TEST PROCEDURES The specific HFE test procedures described in
this TOP are presented in sections 5.1 through 5.20.
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5.9 TEST PROCEDURE - LIGHTING

5.1.1 Objsctive The purpose of this proceduie is to present test methods and
measures for assessment of workspace lighting. The procedure is primarily intended for
internal enclosures but can be sxtended to external work sites fo the degree that
requirements for external lighting are consistent with those dafined for internal
llumination.

8§.1.2 Criteria The criteria for establishing whether sufficient illumination is
present shall be those contained in TABLE XXI in MIL-STD-1472D for ditferent work
areas and types of tasks excapt for blackout or special low-level lighting requirements.
The criteria for assessing display lighting are presented in TABLE XXil in MIL-STD-
1472D.

5.1.2.1 Direct Glare Glare control methods assume the operator is using unaided
vision. Eyeglasses reflect giare into the eyes if a bright light behind the viewer is
between 30 degrees above and 45 degrees below the line of sight, or if it is within 20
degrees left or right of the line of sight.

5.1.2.2 Reflecled Glare Reflected glare from work surfaces is a common, but
frequently overlooked cause of reduced performance in visuai tasks. FIGURE 3.7 in
MIL-HDBK-759A(MI) gives acceptable ranges of refiectance vaiues for different
surfaces.

5.1.2.3 Indicator Light Coding The coding of simple indicator lights shall be that
presented in TABLE Il in in MIL-STD-1472D and the criteria for group viewing of
optical projection displays shall be those in TABLE IV in MiL-STD-1472D.

5.1.2.4 Iransilluminated Display Brightness The brightness of transilluminated

displays shall be 10% greater than the surrounding surface but never more than 300%
of the surrounding surface. The brightness contrast of the figure-ground relationship
shall be at least 50%.

§.1.2.5 CRT Brightness The brightness of the surface around a CRT shall be from
10% t0 100% of that of the CRT. None of the suface surrounding the CRT shall exceed it
in brightness with the exception of warning lights.

5.1.2.6 Aircrew Station Signals Lighting used in aircraft should also conform to the
criteria contained in MIL-STD-41%, MIL-L-5667 and MIL-L-25467.

5.1.3 Facllities and Instrumentation

5.1.3.1 Egacilities None.

5§.1.3.2 [nstrumentation Photometers, as described in Table 2-1, are used for
ilumination measurements. The photometer should be capable of measuring boih
Wuminance (in foot-candies or lux) producaed by light arriving at a surface and
luminance or obrightness (in foot-lamberts or candela per square centimeter) emitted
by an extended source or reflected by a surface. -
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5.1.4 Method This test will not require use of representative test participants.
The conduct of tha test will have the HFE specialist acquire llumination levels talling on
selected workspace areas, and brightness values of displays, and perform a comparison
of obtained iight values with criteria denoting the minimuni aliowabie levels.

5.1.4.1 Ganeral Guidelinas For efficiant performance of the various issks which
crews must perform, certain minimum amounts of light are requirsd. Among the duties
of a vehicle crew, map reading undoubtedly requires the highest keve! of lllumination.
The amount of light necessary for gross tasks such as the lccation and identification of
stowage items is generally the lowest level required.

For a given task the illumination required varies with conditions inside and outside the
sheiter or fighting compartment. In the Gaytime, for example, crew members are
required 1o look out through the periscopes or other visual devices %o drive ths vehicle,
spot the enemy, sight targets, elc. Allernatively, they must manipulate controls, load
weapons, clear machine guns, read maps and perform other tasks inside the fighting
compartment. Thus, the crew members' eyes are exposed alternately to outside and
inside light levels, which at times may differ over a wide range. When this diference in
intensity is great, glare results from axposure to the higher illumination and time is
required for the eyes to become adjusted to the lower light levels inside the fighting
compartment. During this adjustment, visual efficiency is greatly reduced, with a
corresponding reduction in ability tc perform the task gt hand. As noted above, this
glare problem becomes severe in the cold region environment where sunlight reflects
from snow- or ice-covered terrain.

The illumination of outside objects may not be controliable; the inside illumination of a
compartment is, and must be sufficiently bright to permit performance of all of the
necessary duties within the compartment, but dim enough so as not to interfere with
dark adaptation during night opsarations. A single white light bright enough for map
reacling and other necessary duties may interfere with dark adaptation; and if dimmed to
where it will not interfere with dark adaptation, # may not be sufficiently bright for the
performance of required duties. Therefore, the location, type, and intensity of light
source is important to the successful completion of a mission.

One of the most serious of all illumination problems is glare or dazzle - relative bright
light shining into the observers eyes as he/she tries to observe a relatively dim visual

field. Glare not only reduces visibility for objects in the field of view, but also causes
visual discomfonrt.

Direct glare arises from a light source within the visual work field. It should be
controlled by:

a Avoiding bright light sources within 60 degrees of the visual field. Since most
visual work is at or below the eye's horizontal position, placing light sources
high above the work arsa minimizes direct glare.

b. Using indirect lighting.

Using more relatively dim light sources, rather than a few very bright ones.

d Using polarized light, shields, hoods, or visors to block the glare v confined
areas.
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Refiected glare refers to reflections from bright surfaces in the visual field. It snould
be controlied by:

& Using surfaces that diffuse incident light rather than refiect it without
ditfusion.

b. Amanging direct light sourcas so their angle of incidence 1o the visusl work
area is not the sama as the operator's viewing angle.

Other critical issues for lighting are as foliows:

& Luminance contrast of labeling, legend lights, indicator lights, and CRT
characters.

b. Lighting uniformity within displays and balance across groups of displays.
¢. Trim range from minimum to maximum brightness of dispiay lighting.
d Readability of displays in full sunlight.

5.1.4.2 Jes! Conduct The HFE specialist will identify all areas on work stations
within a test item where lighting could be a problem. Alternate light sources will be
identified for assessment (i.e., pane! lighting, map light, dome light, general area
lighting, etc.). Potential glare problems in areas where the test participant is subjected
to high levels of direct or reflected light will also be identified.

§.1.4.2.1 Ambieni lllumination (lluminance) The HFE specialist will measure light
levels using a photometer, at areas identified in the test plan, under conditions of
maximum and minimum iliumination for cases where the light intensity is controliable.
For all lighting tests, the ambient illumination should be measured and reported. For
work benches and consoles several readings should be made in approximately one foot
increments in a grid pattern over the surface 1o be evaluated. The illumination readings
shall be recorded on a data sheet reflecting the same grid pattern. Readings shall be
performed in low and daylight conditions of ambient light.

5.1.4.2.2 Display Brightness (Luminance) To measure the brightness levels of
displays a spot brightness meter or spot photometer shall be used. Several areas within
each display should be measured to identify hot spots or areas of nonuniform luminance.
Display lighting will be assessed for lighting uniformity, lighting balance, trim range
and sunlight readability.

Lighting uniformity and balance will be assessed by measuring the brightness (in foot-
lamberts) at six equally spaced points around each display surface. The spot brightness
photometer will be used for this measurement.

Trim range will be assessed by measuring the maximum brightness of each display to
ensure visibility in the brightest expected ambient environment. The decrease in
illumination as the dimming coritrol is operated will be assessed for smoothness and
evenness. The minimum brightness will be assessed to ensure that the display will be
visible under all expected use conditicns.

Readability of displays in diract sunlight will be assessed by observing th; brightness
contrast and hue contrast of displays under all expected use conditions. Luminance
conirast measurements are used to determine brightness contrast (see paragraph
5.1.4.2.4).
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5.1.4.2.3 Reafleciance Reflectance should be measured on all control panel surfaces,
work station surfaces, and other surfaces where reflected light may cause discomion or
interfere with visibility. Reflectance is a function of the amount of light reflected from
a surface given the amount of iight falling on the surface. Therefore, messuremsnts of
both ambient illumination (illuminance) and luminance must be made at sach
measurement point. Maasurement points should be establishad in a grid pattern along the
surface. The size of the grid will epend on the surface area; larger areas should have a
orid of one-foot or two-foot increments. Measurements should be taken under all
potential lighting conditions. Luminance measurements shouid be taken with the spot
photometer “looking" perpendicular to the surface, with the distance from the surface
dependent ¢n the field of viaw of the probe. llluminance measuremants should be taken
vith the photometer probe mounted fiat on the surface. The measuremants will be
substituted in the foliowing formula:

Luminance (foot-tamberts) X 100
Ambient lllumination (foot-candies)

Reflectance =

5.1.4.2.4 Luminapce Contrast Luminance contrast measurements will be taken with a
spot orightness photometer. The photomesiaer will be placed so that the target fills at
least half of the viewing reticle and a measuremeni in foot-lamberts or candela per sq.
cm. taken. The photometer will then be positioned sc that the reticle is filled by the
background and another measurement taken. This procedure will be repeated several
times to compensate for any fiuctuations in brightness and the measuraments averaged.
For large surface areas such as CRT screens, several areas should sampled. Each pair of
target and background luminance measurements shouk! be substituted into the following
formula:

. Higher Luminance - Lower Luminance

Contrast Lowar Luminanca X 100

Since the numerator and denominator are both in luminance units it makes no difference
what units are used. Both numerator and denominator must be in the same units (foot-
lamberts or candela per $q. cm.).

§.1.5 Data Required The test measures will involve illumination values of light
falling on a surface or area (in foot-candles), and the brightness leveis of illuminated
displays (in foot-lamberts). Each measurement should be repeated three times and the
results averaged. Where refiectance or contrast values are required, illumination
and/or brightness values are substituted in the above formulas.

5.1.6 Data Reduction and Presentstion The analysis of data in this procedure
will be directed at identifying areas whera either sufficient light is not available, or
where 100 much light (glare) is present. Data presentation will be in the form of line
drawings of panels, consoles or work areas with brightness data indicated for locations of
light measurements. Specific data points, such as CRT brighiness, will be presented by
means of tables.

Ambieni illumination at workspaces, panel or workspace reflectance, Jisplay brightness
and targetbackground contrast values obtained from the test wili be compsared with
appropriate criteria from MIL-STD-1472D, MIL-HDBK759A(MI), MIL-STD-411,
MIL-L-5667, and MIL-L-25467 as described in paragraph 5.1.2. Measured values
which ¢'o not meet these critaria wili be noted.
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5.2 TEST PROCEDURE - NOISE MEASUREMENT

5.2.1 Objective The purpose of this test procedure is 10 provide HFE 3suttest
planning personne! with & description of methods, criteria, and Instrumentation
required in the gssessment of noise. Tne test and analysis of noise will be made 1o
determine if noise levels produced by an item under test, or by components of that item,
present hazards to personnel 2id/or if they meet aural non-datectability criteria,
speech intelligibility coisidsiations or coniribute to community annoyance. Noise
assessment is performed to determine the efiactivenass of noise prevention and
protection devices. The types of noise tests io be performed for each class of test item
are listed in TABLE 5.2-1. Citeria and methods for sound ievel measuremenis are also
described in MIL-STD-1474B(M!) and in TOP 1.2-608. Additional documentation for
specific noise test types is listed in Appendix F of Part |

Table 5.2-1. Noise Tests to be Conducted

MIL-STD-1474 e ¢
Test Requirements | § & z %
Z 3 - 4
\ 8 £ ®
20 2 oml =
NOISE TESTS 7% | 38| 2
H s 552
»Cal 0 |28¢g M
eesl 2L &8 3
o ® - Uy a
HEDGE Test ltem Classes and Subclasses sde| <2 |H&E| E
t. VEHICLES
A. Marneuvering . 0 . .
B. Alr . . , ,
C. Non-Maneuvering .
Il. WEAPONS
A. Indlividusl .
B. Crew-Servad . .
C. Ammunlition
i), MATERIEL HANDLERS
A. Soidier-Operated . .
B. Soldier-Monitored .
IV, ELECTRONICS/SIGNALS
A. Sensors .
B. Informetlon/Command-Control Sysctoema .
V. OPERATIONAL SUPPORT
A. Maintenance & Repair Equipment . .
B. Msterisl Prod. & Environmentali Control . .
C WMsjor Construction Items . ;
1vi. TROOP SUPPORT EQUIPMENT
A. Consumables
B. Clothing .
C. Personal Equlpmant e« T
D. Living & Working Arees .
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%.2.2 Criterla The types of noise of concern in this procedure Iinclude steady state

&nd impuise noise. Criteria for acceptlable noise levals and for the identification of

hsaring protection raquiramants sre contained In MIL-STD-1474B(Ml). Additional

criteria which aro applicable to aircraft are provided in MIL-A-8806, MIL-S-

goesoe. and MIL-STD-1294. Criteria for shipboard aquipment are provided in MIL-
TD-74C-1.

5.2.2." fieady-Siate Noise Steady-state noise Is a periodic or random variation in
atmosphgric pressure 8t sudible frequencies. The duration of the variation exceeds one
second and it may be intermittent or continuous.

Steady-state noise definitions and measurement grocedures are provided in MIL-STD-
1474B(M!). Steady-state noise shall be within iimits for categories of personnel-
occupied areas as specified in Tables 1 and 2 of MIL-STD-1474B(MI). Steady-state
noise limits for aircratt are specified in MIL-A-8006.

$.2.2.2 |mpulse Noise Impulse noise it a short burst of acoustic energy consisting
of either a single impulse or a series of impulses. The pressure time history of a single
impulse includes a rapid rise 10 a peak pressure, followed by somewhal slower decay of
the pressure envelope to ambient pressure, both occurring within cne second. A series
of impulses may last longer than one second.

Impulse noise definitions and measurement procedures are provided in MIL-STD-
1474B(M!). Impulse noise shall not exceed the limits for peak pressure level, A-
duration and B-duration specified in MIL-STD-1474B(MI) or with special require-
ments esiablished for the system under test.

5.2.3 Faclilities and Instrumentation
5.2.3.1 Eagililies
5.2.3.1.1 Stationary Operation Tests

a For movable test items: Select an open area of uniform grade thai is free of all
sound-reflecting surfaces (such as buildings, trees, hillsides, or signboards)
and interfering sound sources within 30.5 meters (100 ft.) oi the test item and
sound measuring instrumentation. The lerrain surface must be either paved or
stone, hard dirt, or other material having similar acoustic ¢characterstics.

b. For test items permanently mounted: Test the item on site and state the
conditicns oi the test repon.

¢. MIL-STD-1474B(M1) staies that when practical, the background noise level,
including wind noise, shall be at least 10 dB below %hat of the equipment noise
being measured, but shall always 2 at least 10 dB below the critena. {There is
an exception ior aural non-deteciability. See 5.2.4.6)

5.2.3.1.2 [nterior Hoise Tests The iollowing ccurses are required:

& Vehicle course: A smooth, straight, paved roar’ that is lave! wind free of ali loose
gravel or othar foreign matier; wng enocugh 10 aillow the vehile o accelerate 0
two-thirds of the maximum rated enging speed or two-thirds of the posted
vehicle speed in all forward gears and 10 maintain that spyed for ut least 30
seconds: and free of &ll sound reflecting surfzcas for @ clisiance of 100 #. {305
meters) on each side. For fracked vehicles withoul rubber paits, & eimilar course
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of compact earth having a cone index in the range of 100 to 150 is required
uniess otherwise specified.

b. Watercraft course: A body of water of sufficient area and smoothness o permit
normal operation and maneuvering of the craft at maximum operational speeds.
For pass-by tests, the area must be free of large obstructions (large piers,
breakers, etc.) for a minimum of 100 ft. (30.5 meters) from the course the
craft is to follow. Place three marker buoys in a straight line 50 f1. (15.2
meters) apart 1o mark the course.

c. Rotary Wing Aircraft Course: Rotary wing aircraft should be tested using the
criteria and guidance in MIL-STD-1294.

5.2.3.1.3 Exterior Nojse Tests These tesis require a smooth, straight, paved road
that is level and free of all locse gravel or other foreign matter; at least 200 f1. (61
meters) in length; and free of all sound-reflecting surfaces for 100 fi. (30.5 meters)
on each side. #or tracked vehicles without rubber pads, a similar course of compact
earth having a cone index in the range of 100 to 150 is required uniess otherwise
specilied.

5.2.3.1.4 Aural Non-detectability Tesis For these tests select an open area of

uniform grade; with a uniform, flat, grass surface free of tall vegetation, snow, or other
sound absorbing materials; and free of sound-reflecting surfaces for a radius at least
260 ft. (80 meters) from the center of the area. For stationary tests of extremely
low-noise-level items, use an anechoic chamber.

5.2.3.1.5 Speech Intelligibility Tests When possible, use the natural environment

of the test item (i.e., its normal position of intended use) when testing against speech
intelligibility criteria. One of the following will usually be required:

a Open-field facility: An open field, free of all large buildings or high hills that
would reflect or biock sound energy, and having an ambient noise level equal to or
below 50 dB(A).

b. Closed-room facility: A room or chamber similar in acoustic characteristics to
the locatior in which the test item is used. Vehicle comrunication sets are tested
in the vehicle(s) in which they are intended to be used. The ambient noise will
vary with respect to the facility, and if no facility is specified, use 50 dB(A) as
the maximum allowable ambient pressure level.

5.2.3.1.6 AirrConditioner Tests These tests require a chamber with an acoustical
tile ceiling and a movable wall 10 provide a room of the size for which the air conditioner
was designed. The room should be empty except for sound measuring instrumentation
and electrical heater banks.

§.2.3.2 Instrumentation

5.2.3.2.1 Sieady-Stale Noise Sysiem Steady-state noise measurement and recording
equipment is described in TABLE 2-1. A sound lavel meter will suffice for surveying

locations for high noise levels or if the test plan calls for a weighted average sound
pressure level measurement. Where octave band frequency analysis is.necessary, &
recording and frequency analysis system will be necessary. Instrumentation should meet
the following requirements:
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a

d

Microphones shielded against wind effects, having a fiat response at grazing
incidence (90°) or having an essentially flal response at normal incidence (0°)
shall be used. A random incidence corrector should be used with a one-inch
mlc:}c:phone. Microphones must have a flat frequency response between 20 Hz and
18kHz.

Sound level meters conforming to the requirements for Type ! as specified by
ANSI S1.4.

Octave band filter sets confcrming to the requirements for Type E, class Il as
specified by ANSI §1.11.

Magnetic tape recorder having a flat frequency response from 20 Hz to 18 kHz
(£ 2 dB).

Frequency analyzer providing dB(A), dB(B), dB(C) and octave-band levels.

5.2.3.2.2 Impulse Noise System Impulse noise measurement and recording equipment
is described in TABLE 2-1. Instrumentation should meet the following requirements
from MIL-STD-1474B(MI):

a

Microphones/transducers having a flat dynamic response of +2 dB over the
frequency range of 20 Hz to 70 kHz are required. Microphones having the
appropriate dynamic range and rise-time characteristics should be used for
measurements up 1o approximately 171 dB.; transducers (blast gauges) should be
used for measuremenis above 171 dB; both having suitable conditioning
electronics.

Frequency modulated (FM) magnetic tape recorder: Having a frequency response
up to 80 kHz (+ 0.5 dB).

Digital oscilloscope or other suitable equipment to digitize peak intensity and
duration of impulse noise.

5.2.3.2.3 Alternate Noise Instrumeniation Any noise recording devices, components,

or combinations of instrumentation used as part of or in lieu of the above items shall
conform to ANS! S6.1 and applicable provisions of ANSI $1.4.

5.2.4 Method Noise measurement is required whenever there is a question whether
or not noise levels associated with a test item would present problems for:

a

b.

c.
d

The heaith, safety, and performance capability of operators/maintainers.

The capability to conduct normal communications among operators/ maintainers.
The detectability of the item by enemy pearsonnel.

Community annoyance.

5.2.4.1 General Guidelines Long duration exposurae 10 high levels of noise may result in
permanent loss of haaring capability. Personnel exposed o high noise levels are affected
in terms of their performance capability. The effects of noise on performance can be
direct effects where the noise field adversely affects the person's sbility to perform
operations. The effects are also indirect in that noise generally leads to fatigue which in
turn results in performance decrements.
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Exposure to noise also impacts performance through its effect on the capability to
communicate. The efiect of noise on communication must be deiermined both during the
time that personnel are exposed to noise, and immediately atter the exposure if
personnel are in a situation whers a high level of hearing ability is required (e.g.,
hearing whispered commands Iimmediately after disembarking from a personnel
carrier).

The effect of noise on detectability of an item in a combat situation also needs to be
determinad in an assessment of the noise levels associated with an tem. However, the
assessment of aural non-detectability would be conducted only if specifically required by

the procuring agency.

Noise measurement generally involves sampling and recording noise intensities over the
frequency range under representative operational conditions. The obtained noise
measuremenis are then compared with noise limit criteria which specify maximum
acceptable levels for personnel safety, communications, non-detectability and
community annoyance.

However, it must first be determined if the item tested requires noise measurement. If
the item has a source of noise incorporated in its operation, the HFE specialist should
assess the likelihood of problems resulting from the associated noise. Where problems
can be anticipated, a noise measurement test shall be incorporated into the HFE subtest.
Also, as an insurance against the possible occurrence of unknown harmful effects, or
when in doubt, 8 noise measurement test should still be performed.

Guidelines for assessing whether or not a noise test is required include:

a The assessment used by the HFE specialist should be based on past experience
with similar items having similar noise sources. If this experience is not
available, the HFE specialist should arrange to inspect a8 sample test item which
is fully activated or powered.

b. Determination should be made of the expected effects of noise on human
performance, communications, safety, and health.

c. Asample of types of item components which should be assessed include:

) Motors, engires, and other power equipment
) Mechanical devices

)  Weapons

) AAir conditioners, fans, blowers, etc.

)  Moving vehicles (whesaled or iracked)

) Aircraft.

S~ o o~ o~ -~
SOONEWN =

When measuring noise, the following meteorological conditions should also be deter-
mined:

&8 Temperature

Humidity

Barometric Pressure

Sky Cover --
Ground Cover (especially snow conditions)

Wind Velocity and Direction.

el N
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5.2.4.2 General Test Conduct - Steady:-State Noise

Determine measurement locations relative to the noise soutce. In general,
measurements are made at all personnel positions or ai locations calied out in the
test plan. See TOP 1-2-608 for additional test conduct information. Make a
sketch showing the location and orientation of test item and each microphone
location with respact to the test site.

Select appropriate facilities and instrumentation from that listed in paragraph
5.2.3.

Ensure that all instrumentation used has a valid calibration certification. Make
an instrumentation calibration check &t the test site prior to, during and
immediately following the test measuring a sound of known frequency and sound
pressure level using the microphona and recording system instaliec.

Equip all vehicles with a calibrated tachometer and speedometer.

When possible, select new vehicles for the test - vehicles that have completed the
prescribed break-in time. Inspect for normal operation in accordance with the
appropriate specification and to insure that all auxiliary equipment in
continuous use when the vehicle is in motion s installed and operating normally.

Load all load-carrying vehicles (trucks, trailer, forklifts, etc.) with two-thirds
of their usual rated payloads.

Install all panels, canvas, louvers, and equipment.
Check and adjust tire pressure or track tension 1o that prescribed for the load.

Check installation of safety equipment such as guards, mufflers, and warning
devices.

Install all noise-producing auxiliary ecuipment normally used.

Prepare an acoustical test data sheet. Record information on the tast item, the
time and place of test trials, and the conditions under which the test is to be
conducted. |f steady-state noise data are t0 be racorded for later analysis, use
recorded voice messages cn the tape to identify the data.

All personnel exposed to hazardous noise or blast levels must waar appropriate
hearing protection. Personnel who will be occupationally exposed to steady-state
noise levels above 85 dB(A) shall be entered in a hearing conservation program
as outlined in TB MED 501.

Weapon systems shall be remotaly tired for all noise iests described in
paragraph 5.2.4.9.

During tests, neither the operator nor crew members shall occupy the
location(s) where the noise is being measured unless they are essential to the
operation of the test item and the hearing protection provided is capable of
reducing the expected noise to honhazardous levels. When the presence of one or
more operators is required, the sunsing transducer will be mounted 6 in. (15
cm) from one ear of each persen: for impulse nolse measurements - 6 in. (15
cm) to the right of the right ear. If a wall or other reflecting surface is less than
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12 in. (30 cm) from tha ear, the microphone wiill be positionaed equidistant from
the ear and thar surfans. f necessary, a microphone cat: be heimet-mounted.

0. When no operator is present, the measurement ghall bs made at the centar of the
expected head positions. For standard test purposes, this position will be €0 in.
(150 cm) above the ground piane for standing psrsinnal. For autal non-
detectability tests, the microphone height will be 48 in. (V.2 m) above the
ground. For measurements at seated personnel positions. the microphone height
will be 31.5 in. (80 cm) above the seal. Microphones shouki be secured in place
using tripod mounts or other mathods.

p. Ambient noise ievel for steady-state noise tests shail be ai least 10 dB below the
noise being measured.

q Tests a‘e not conducted when wind velocities excead 12 mph (54 m/s) or during
active precipitation. Microphones shali be shieided from wind effects under all
conditions.

r. When the ambient temperature changes more than 5°F (2.8°C) during the
conduct of the test, instrumentation calibration shall 2e performed after each
series of measuraments (5.2.4.2¢).

s. Tests will be conducted with the test item configured and cperated as expec ed
during field training or combat conditions.

t. If equipment requires an oxternal power generato. or other similar aids, the fest
will be conducted with all appropriate subsysterns operating.

Steady-state noise test procedures depend on the measurement objectives of the fest and
on the test item class. Types of steady-state noise tests include the following:

a Noise levels at operator posit.ons relative to the test item
b. 85 dB contour mapping
¢. Aural non-detectability testing.

Details of the test procedures vary according to the test item class and, in the case of
maneuvering vehicles, whether the vihicle is stationary or moving.

5.2.4.3 Stationary Equipment - Steady-State Noise Tests
5.2.4.3.1 Generators, Pumas, Heaters, and Other Power Ecuipmant

a Place ricrophones a! the approximate centers of the probable head positions c!
all operating personne! and at positions 5 ft. (1.5 m) from each side and each erxi
of the iest item, 60 in. (150 crm) above the ground plane.

"'b. Operate equipment in a mannar most similar to i's normal operating conditions
and record dB(A), dB(C), anc octave-band presiure levels al all microphone
locations. When the noise generated by oparating conditions varieg due to loaid,
speed, or other reasons, conduct ihe test under thit condition which produces the
highest noise level.
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¢. When the operating noiss level exceeds 85 dB(A) at & disiance of 5 ft. (1.5 m),
determine the distancer and directions from ihe noise source at which the noise
levei is equal to 85 dB(A). Make as many readings as necessary 10 a&ccurately
piot an 85 dB(A) contour curve (See Paragraph 5.2.6.1a).

§.2.4.3.2 Alr_Conditionars

& Mount the air conditionar in ons and of the wall of the alr conditioner test
facility, with the evaporator side protruding at least 4 in. (10.2 cm) inside the
wall as shown in FIGURE 5.2-1.

o . RENS C N

Movable Wal/ I
30° 30°

Microphone
{Typical)

Y

4 in. (10.2 cm)

Alr
Conditioner

< 48 in.
o« (122 cm)
~

Figure 5.2-1. Air Conditioner Tes! Setup
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b.

Record the sound pressure level at three locations inside and three locations
outside the test chambaer as follows:

(1) inside: On a centerline perpendicular to the evaporaior grille, 30° to the
left, and 30° to the right of the centeriine. All positions are 48 in. (122
cm) from tha center of the grille and 48 in. (122 ¢cm) above the ficor.

(2) «<utside: On a centerline perpendicular io the condenser grille, 45° to ths
leit, and 45° to the right of that centerline. All positions are 48 in. (122
cr) from the center of the grille and at a height on line with the center of
tho grills.

Operate the air conditioner at its maximum cooling capacity (coldest temperature
setting and maximum blower speed) and record dB(A), dB(C), ard octave-band
pressure :avels at each microphone location.

5.2.4.3.3 Parked Vehicles

a

Place riicrophones 6 in. (15 ¢m) to the right of the driver's right ear and at the
center of the probable head location of the assistant driver, crew members, and

passengers.

NCTE: When the occupants consist of a group of five or more persons in vehicles
such as personnel carriers and buses, a noise survey will be made of all occupied
spaces, and five positions covering th. range from the highest to the lowest noise
levels will be selected to represent tha noise level for the entire crew.

Operate the vehicle at idle and at two-thirds of the maximum rated engine rpm or
two-thirds of the posted vehicie speed. Operate vehicles having torque converers
at stall conditions. Observe appropriate limitations on idle and stall operations 1o
prevent overheating or damage.

Construct an 85 dB(A) contour curve around the exterior of the vehicle,
recording at as many positions &s necessary 1o accurately draw the curve
(5.2.4.3.1c above).

Record dB(A), dB(C) and octave-band pressure levels at all interior microphone
locations with windows open and again withi windows closed.

Make additiona! noise measurements as necessary at all crew positions in the
vicinity cf any auxiliary equipment, such as heaters, blowers, and hydraulic
pumps, with the engine at idle speecl.

Rotary wing aircraft should be tesied using the criteria and guidance in MIL-
STD-1294.

5.2.4.4 Moving Equipment - Interior Npise
5%.4.4.1 Wheeled Vehicles

a

Conduct steady-state noise measuremenis at interior operator positions with
microphone placement as in 5.2.4.3.3a, but with the vehicle moving over a
paved test course.
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b.

Operate the vehicle at two-thirds maximum rated engine speed or two-thirds of
the posted vehicle speed in wach of its forward gears over a paved test course

- (paragraph 5.2.3.1.2), with gny auxiliary equipment that adds to the overall

noise leve! (e.g., heaters, blower, air conditionars) in operation.

Racord dB(A), dB(C) and octave-band gpressure levels at each microphone loca-
tion for each gear range with the windows or hatches both open and closed.

5.2.4.4.2 Tracked Vehicles Conduct the tast as in 5.2.4.4.1 above except that when
the tracks are without rubber pads, operdte the vehicles on compact earth.

5.2.4.4.3 Small Waltercraft (Applies to craft having fixed positions for crew and
passengers and sound generated only by the propulsion unit.)

a

Place a microphone at the approximate ear positions of the operator, each crew
member, and each passenger.

Operate the craft in calm water - waves of 6 in. (15 c¢m) or less - at five
evanly spaced speed increments from slow 1o maximum speed.

Record dB(A), dB(C) and octave-band pressure levels at each microphone loca-
tion for each speed.

5.2.4.4.4 [arge Watercraft (Applies to vessels with muitiple sources of noise.)

a Operate the vesse! in waters not to exceed moderate seas - waves of 3 fi. (0.9

m) or less - at varying speeds up to and including top speed (flank).

Conduct a noise survey of the pilot house, crew compartment, engine rooms, and
work areas under all donditions of vessel operation using a sound level meter.
With all special equipnent normally used in that compartment operating,
determine positions of maximum noise.

Place a microphone in the area of maximum noise of each compartment and
record the dB(A), and octave-band pressure levels for the condition of vesse!
operation that produces the most noise.

When cargo handling, vehicle movement, or pumping operations are part of the
normal working operztion of the vessel, conduct a separate test of each of these
operations while the vessel is moored.

5.2.4.4.5 Botlary Wing Aircraft Conduct the test using guidance in MIL-STD-1294.
5.2.4.5 Moving Equipmen! ; Exterior Noise (Drive-By)
§.2.4.5.1 Motor Vehicles (SAE J3668, TOP 1-2-608)

a Place a microphone 50 #. (15.2 m) from, and perpendicular 10. the centerline

of the vehicle path as shown in FIGURE 5.2-2, 5 ft. (1.5 m) above the ground
plane. Place a maricar 50 #t. (15.2 m) in front of the microptione centerline.

If a sound level meter Is being usad, set the meter for fast response on the A-
weighted network,
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¢. Operate the vehicle foward the marker at two-thirds maximum rated engine
speed or two-thirds of the posted vehicle speed, in a gear that wili allow the
vehicle, when fully accelerated, to reach the maximum engine speed between 10
and 50 ft. (3 and 15 m) beyond the microdhone centerline without axceeding 35
mph (56 krvh) before reaching the end line.

"’o "...~
' Acceleratian End RIS
J Point Point \
100 ft. (30.5 m)=——ippf AR
o 6 100 ft. “
S 100 f1. " e (30.5 m) v
'.' (30.5 m) (18.3 m)
N 50 f. \
N (15.2 m) '
{ Vehicle Path q — - g
] F
|‘ ] N
' 50 f1. Zone in Which N
\ (15.2 m) 1o Reach y
\ ‘ Maximum RPM ,
\ t4
\ ¢
AN Microphone .
‘... .O..
100 .
.’t" (30.5 m) ’.-'
u‘.‘. "’,0
T - .=~ Limit of Closast
Sound Absorber
or Refisction

Figure 5.2-2. Motor Vehicle “‘est Course

d Observe the sound level meter during the period that the vehic'e is accelerating
and record maximum dB(A) val''~~ as the vehicle is driven pasi the microphone.
The applicable reading is the hig..est sound level obtained for the run (ignoring
peaks caused by extraneous ar "ent noises).

e. Maxo at least three measurements on each side of the vehicle unless it becomes
obvious after the first run that one side is definitely higher in sound level.
Report the sound level for the side of the vehicle with the lighest readings.

f. Report the sound leve! as the average of the two highes* readings that are within
2 dB of each other.
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52452 i i i {(From SAE Procedure J-366B; for

further details see SAE JBBA.) Cenduct this test using the same procedure as in
5.2.4.5.1 above except:

a Place the microphone 50 H. (15.2 m) from, and perpendicular 10, the longest
side surface of the equipment being tested as shown in FIGURE 5.2-3, 4 ft. (1.2

m) above the ground plane.

b. Operate self-propeiled equipment in a forward intermediate gear over the
prescrived course a@s shown in FIGURE 5.2-3 at full governed engine speed.
Operate hydrostatic or electrically driven equipmant as nearly as possible to
one-half its maximum ground speed.

c. Test scrapers, spreaders, waier distributors, and other equipment having major
noise-generating machinery with that machinery in operation.

’d' .Q‘
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0/ ’.\
c\ /\
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\ 00'
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. U
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.’ 100 f1. o
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0.‘ ‘0
. ,"
‘.. l’
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EAST—
-

Figure 5.2-3. Powered Mobile Construction
Equipment Test Course

38




15 May 1990 TOP 1.2-610

5.2.4.5.3 Watercraft

' a Place a microphone 50 ft. (15.2 m) from the line described by three ccurse
markers on a dock, a floating platform, or another boat. Position the microphone
so that it is perpendicular to the line of markers, opposite the center marker at
4105 (1.2 10 1.5 m) above the waier surface, and not cioser than 2 ft. (0.6
m) to the surface of the dock or platform on which the microphone stands.

b. If a sound level meter is being used, set it for for fast response on the A.
weighling network.

¢. Operate the craft so that it passes within 1 to 3 f. (0.3 to 0.9 m) of the far side
of all three markers with the engine operating at the midpnint of the full-
throttie rpm range recoimmended by the manufacturer.

¢d. Observe the sound level meter while the craft is passing the markers and record
the maximum dB(A} reading.

e. Make at least three measurements for each side of the crafi.

f. Report the sound level for each side of the craft as the average ot the two highest
readings.

5.2.4.6 Aural Non-detectability Tests Select from Table 3 of MIL-STD-1474B(MI) a

measurament distance that corresponds to the nominal non-detectability range desired
or requested by the requirernents document. Unless otherwise specified, the octave band
pressure levels measured at the "measurement distances” must not exceed those values
. listed in the table tor any band if non-detectability is to be achieved at the corresponding
distances. If the ambient noise is less than 10 dB below the level of the test item, the use
of conventionai background roise corrections is permissible (ANSI S1.13). If the test
item is smali and meets the safety requirements, the test may be conducted in an
anechoic chamber. When measuring the noise of a large item at close distances, the
measurement distance must be more than three times the major dimension of the item.

§2.4.6.1 Yehicle Stationary - Silent Waltch

a. Piace a microphone 4 ft. (1.2 m) above the ground plane at a measurement
distanice selected from Table 3 of MIL-STD-1474B(Ml).

b. Record the ambient sound pressure levels in each octave band with the vehicle
completely silent.

¢. Place the vehicle in a silent watch condition: i.e., radio, rangefinder, and other
glectronic equipment turned on and all other noise-producing devices or
equipment turned off.

d Make a noise sutvey around the vehicle using a portable scund level meter to
determine that side which produces the maximum noise. Orient the vehicle so
that the noisies! side faces the microphone and record the sound pressure levels

in each octave band.

5.2.4.6.2 Yehicle Stationary- Combat Readiness Repeat the procsdure doscnbed in

0 paragraph 5.2.4.6 1 above with the vehicle engine at idle and ail heaters, weapon
systems, and electronic instruments operating.
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5.2.4.6.3 Yehicle Moving

a Place the microphone in the center of a circle of 164 ft. (¢ m) radius and
record the ambient sound pressure level in each octave band.

b. Operate the vehicle in both clockwise and counterciockwise diractions at epeeds of
§, 10, 15, and 20 mph (8, 16, 24, and 32 km/h) and recoid the sound pressure
level in each octave band.

NOTE: If there are variations in the sound pressure ievel with respect to
vehicle position on the course, use only those positions producing the
highest readings to determine the nondetectable distance.

5.2.4.6.4 Equipment at Idlz (Standby Condition)

a. Place the microphone at the selected distance from the test item. While the item
is completely silent, recerd the ambient sound pressure level in each octave
band.

b. Turn on the equipment to its lowest operable condition (idle) and again record the
sound pressure level in each band.

NOTE: Orient the test item so that the side of the test item generating the highest
noise level is facing the microphone. Make an octave band analysis at ihis
point.

5.2.4.6.5 Equipment at Maximym_Working Condition Use the procedure described in
paragraph 5.2.4.6.4 above except with the test equipment at its normal maximum lnad
condition. Exception: if, by reducing or increasing the speed or working condition of the
test item, the noise level increases, conduct the tesi at that speed or condition that
produces the higher noise level unless it is detrimental to the test item to do so.

5.2.4.7 Speech Intelligibility Tests For equipment that requires effective oral
communication among crew or passengers for field employment, a speech intelligibility
test may be necessary. Such a test is particularly important if the sound pressure
leveis recorded at each significant crew or passenger position (as determined in
accordance with 5.2.4.3 or 5.2.4.6 above) approach or exceed the noise limits stated in
paragraph 5.1.1 of MIL-STD-1474B(Mi). When required, the speech intelligibility
iest is conducted as described in Test Procedure 5.5.

5.2.4.8 Typical Ruty Cycle Tests When the typical duty cycle noise level is specified

by the requirements document, determine the equivalent continuous ncise level (Leq’)
of the test item as described in MIL-STD-1474B(MI).

5.2.4.9 General Guidelines - impulse Ngise For test purposes, impulise noise is
defined as short burst of acoustic energy consisting of either a single impulse or a series
of impulses. The pressure-time history of a single impulse ¥xludes & rapid rise 10 a
peak pressure, followed by a somewhat slower decay of the pressure envelope o ambient
pressure, both occurring within 1 second. A series of impuises may last longe- than 1
second. The foliowing data are required for the evaluation of impuise noises:

- -
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a

b.

Peak pressure level in dB or psi.

A-duration: The time required for the initial pusitive pressure pulse to rise
from ambient pressure to peak amplitude and return momentarily to the ambient
leve! (See Figures B8-11 in MIL-STD-1474B(M!)).

8-duration: The total time that the envelope ence mpassing successive pressure
fluctuations (positive and negative) of the primary portion ¢f an impuise noise
is within 20 dB of the peak pressure level, plus the time intervais that any
subsequent fluctuations (reflective pulses) are within 20 dB of the peak
pressure leve! (See Figures 8-11 in MIL-STD-14743(Ml)).

$.2.4.10 General Test Procedure - jmpulse Noise The following procedures apply to

all impulse noise tests that follow.

a

Determine “measurement locations relative to the noise source. in general,
measurements are made at all personnel positions or at locations called out in the
test plan. See TOP 1-2-608 for ardditional test conduct information. Make a
sketch showing the lccation and orientation of fest item and each
microphone/transducer location with respect 10 the test site.

Select appropriate instrumentation in accordance with paragraph 5.2.3.2. When
the expected pressure leveis are in excess of 171 dB (6.9 kPa «r 1 psi), use
suitable pressi:re transducers (e.g., blast gauges); when expected levels are
below 171 dB (6.9 kPa or 1 psi), use fast-response microphones. Record
impulse noise with an FM tape recorder having a flat (£0.5 dB) frequency
response up to at least 80 kMHz. (If speed reduction techniques and direct readout
devices are used in the analysis of the recorded noise data, the frequency response
characteristics of the devices must be at least proportionally equivalent to the
characteristics of the recording device.)

Ensure that all instrumentation used has a valid calibration certificatior. Make
an instrumentation calibration check at the test site prior te, during and
immediately following the test measuring a sound of known frequency and sound
prassure level using the microphone and recording system instailed.

Prepare an impulse noise data form showing the microphone positions used.
Record peak pressure leve! in dB and A-duration and B-duration in suitable time
units for each microphone location and each replication of the test (weapon
firing, ete.). Record information on the test item, the time and place of test
trials, and the conditions urider which the test is o be conducted. Use recorded
voice messages on the tape recorder to identify the data.

All personne! exposed to hazardous noise or blast levels must wear appropriate
haaring proteciion. Personnel who will be occupationa'ly exposed to peak
pressure levels of impuise noise above 140 ¢B shall also be entered in a hearing
corservation program as outlined in TR MED 501.

Weapon systems shall be remotely fired for all noise tesis described in
paragraph 5.2.4.9.

During tests, neithei the operator nor crew members shali occupy the
location(s) where the noise is being measured unless they are essentia’ 1o the
operation of the test item and the hearing protection provided is capable of
reducing the expected noise 1o nonhazardous levels. When the presence of ons or
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more operators Is required, the sensing transducer will be mounted 6in. (15
cm) from one ear of each person: for impuise noise measurements - 6in. (15
cm) to the right of the right ear. If a wall or other retlecting surface is less than
12 in. (30 em) from the ear, the microphone will be positioned equidistant from
the ear and that surface. If nscessary, a microphone can be helmet-mountad.

h. When no operator is present, the measurament shall be made at the center of the
expacied head positions. For standard test purposes, this position will ba 60 in.
(156 cm; above the ground plane for standing personnel and 31.5 in. 180 c¢m)
above the seat for seated personnel. Micrephones should be secured in place using
tripod mounts or other methods.

i. Ambient noise level for steady-state noise tests shall be at least 25 dB belcw the
ncise being measured.

j. Tests are not conducied when wind velocities exceed 12 mph (54 m/s) or during
active pragipitation. Microphones shall be shielded from wind effects under all
conditions.

k. When the ambient temperature charges more than 5°F (2.8°C) during the
conduct of the test, instrumentation calibration shall be performed after each
series of measurements.

. If impulse noise measurernents are to be taken at operator positions within a tes!
«em (such as a vehicle), tests will be conducted with the test item configured ard
operated as expected during fie'd training or combat conditions.

m. Mezsure peak pressure level, A-duration and B-duration from daia recorded
during each of at least three separate tests. Use the arithmetic means of the peak
pressure levels, A-durations and B-clurations from these (three or more) tests
(if consgistent) to define the impulse ncise when the range of peak pressure levels
does not exceed 3 dB. If the range of peak pressure 'evels exceed 3 dB, conduct
additional tests until the number of measurements equals or exceeds the range in
ae.

n. When possibie, take data analysis equipment to the test site to determine whether
the peaks of the recorded impulse noises are within the 3 dB range. If analysis
equipment cannot be taken 1o the tesi site, fire additicnal rounds/detonations (if
economically feasible) or arrange additional impacts (paragraph 5.2.4.13) to
provide greater assurance of an adequate tesl.

o. To map a 140-dB noise contour curve;

(1) Place a transducer 5 fi. (1.5 m) above the ground plane as close to the
lest item as is considered safe (in accordance with associated guidance
documents) and on each 30° radial line cenered at the test item
(paragraph 5.2.6.2¢c). If the weapon can be considered symmetrical,
measurements may be made on one side only.

(2) Place a second series of transducers, a third series of iransducers twice
the distance as the second, and finally a fourth series of transducers twice
the distance as the third. From this configuration of transducers, a 140-
dB noise contour curve around the test item can be predicted by
interpolation.
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5.2.4.11 Weanon Firing Tests Conduct the following lests on an appropriate firing
range (paragraph 5.2.3.1.7). Unless otherwise stipulated, position ail weapons under
realistic conditions comparabie to those employed in combat or training missions.

5.2.4.11.1 Hand-Held and Shoulder Weapons

&

d

Mount hand-held and shoulder weapons in a test firing fixture with their barrels
or tubes 5 ft. (1.5 m) above and paralle! to the ground plane.

Mount one sensing transducer at the center of the probable head position of the
operator and another sensing transducer 6 ft. (2 m) to left or right of the muzzie
at the same height as the muzzle.

Remotely fire these rounds allowing enough time between rounds for the noise
pulses from the preceding round to decay to ambient before the next round is
fired. When automatic weapons are tested, it may be necessary to load the weapon
one round at a time.

Record peak pressure, A-duration, and B-duration for each round.

5.2.4.11.2 Rifle with Grenade Launcher

a

Mount the rifle in a test firing fixture with the rifle butt resting on the ground
and the barrel elevated to its maximum safe position for launching grenades.

Mount one sensing transducer at the center of the probable head position of the
operator and another transducer 6 ft. (2 m) to the left or right of the muzzle at
the same_ height as the muzzle.

Launch at least three grenades and record the peak pressure, A-duration, and B-
duration of each launching as outlined in paragraph 5.2.4.10c.

£.2.4.11.3 Machine Guns (Tripod Mounted)

a

Mount! the machine gun in a test firing fixture representative of its normal
tripod mounting cendition.

Mount a sensing transducer at the center of the probable head position of each
crew member, and mount another sensing transducer 6 fi. (2 m) to the left of the
muzzle at the same height as the muzzle.

Fire three separate rounds with enough time between rounds for the pulse
envelope to decay to ambient before the next round is fired. Record peak
pressure, A-duration and B-duration in accordance with paragraph 5.2.4.10c.

5.2.4.11.4 Recoilless Rifles

a

Mcunt the recoilless rifle in a firing fixture so that the tube is 5§ ft. (1.5 m)
above and parallel to the ground plane.

Mount a sensing transducer at the center of the probable head pogiion of each
crew member (gunner and assistant gunner), and mount additiona! sensing
transducers 8t As many positions around the weapon as necessary to describe the
noise contour curve (paragraph 5.2.4.10e).
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c.

Fire a minimum of three rounds and record peak pressure levels, A-durations,
and B-durations at the crew positions and the peak pressures around the test
item 10 establish the 140-dB noise contour curve.

52.4.11.5 Moriars

a8

Position the weapon for remote firing so that the mortar tube is facing
downrange.

Mount a sensing transducer at the center of the probable head position of each
crew member; mount another sensing transducer 6 ft. (2 m) to the left or right
of the muzzle at the same height as the muzzle; and mount additional sensing
transducers & as many locations as necessary 10 accurately describe the noise
contour curve (paragraph 5.2.4.10e).

Conduct tests with the weapon positioned at both the minimum and maximum safe
tube elevations.

Fire a minimum of three rounds and record the peak pressure levels, A-
durations, and B-durations at the crew positions and the peak pressures around
the test item 1o establish the 140-dB noise contour curve.

5.2.4.11.6 Small Arms Mounted in Vehicles

a

Mount the weapons in or on the vehicles as they would be under normal combat or
training conditions.

Position the vehicle to create the most severe noise conditions with respect to the
crew members (e.g., gun firing directly over the hatch of a crew member) when
firing the weapon downrange.

Mount a transducer at the center of the probable head position of each crew
member while in a seated position.

(1) With the vehicle hatches closed, fire the weapon and record sound
pressure level, A-duration and B-duration at each crew position.

(2) Repeat the above test with the hatches open.
Mount a transducer at the center of the probable head positions of all crew

members simulating their heads protruding from an open hatch. Fire the weapon
and record the data as in ¢ above.

5.2.4.11.7 Jowed Arillery

a

Position the weapon on an appropriate range in the same manner as it would be
used for the training of personnel. Elevate the muzzle to the position (within the
range safety limits) that produces the highest noise level achieved in normal fire
(excluding direct fire).

Mount a sensing transducer at the center of the probable head position of each
crew member and instructor and mount additional sensing transducers at as many
locations around the weapon as necessary to accurately construct a 140-dB noise
contour curve (paragraph 5.2.4.10e).
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c.

Fire the weapon as many times as necessary, but a minimum of three, to
establish the peak pressure, A-duration, and B-duration for each transducer
location in accordance with paragraph 5.2.4.10c.

5.2.4.11.8 Sell-Propelled Artillery (Open Mount)

a Position the vehicie on an appropriaie range so that the gun is facing forward

b.

with respect to the vehicle and downrange. Raise the muzzie to the elevation
(within the range safety limits) that produces the highest noise level.

Proceed with the test as in 5.2.4.11.7 above.

§.2.4.11.9 Sell-Propelled Artillery (Closed Mount or Tuyrret)

a

Position the vehicie on an appropriate range so that the gun is facing forward
with respect te the vehicle and downrange. Raise the muzzle to the elevation
(within the range sa‘ety limits) that produces the highest ncise level.

Mount a sensing transducer at the center of the probable head position of each
crew member while seated in the vehicle. All hatches are to be closed during
firing.

Mount a sensing transducer 50 ft. (15.2 m) to the left or right of the muzzle and
S ft. (1.5 m) above the ground plane (to represent an adjacent vehicle).

Fire the weapon as many times as necessary, but a minimum of three, to
establish the peak pressure, A-duration and B-duration for each transducer
location in accordance with paragraph 5.2.4.10c.

5.2.4.11.10 Air Defense Weaponsg

a Position the weapon on an appropriate firing range so that it is facing downrange.

Elevate the gun muzzle to the position (within the range safety limits) that
produces the highest noise leve! achieved in normal firing.

Mount sensing transducers at the center of the probable head positions of all crew
members and operating personnel, and mount as many sensing transducers
around the weapon as necessary 1o accurately map a 140-dB noise contour curve
(paragraph 5.2.4.10e) around the weapon.

Fire the weapon as many times &s necessaty, but a minimum of three, to
establish the peak pressure, A-duration and B-duration for each transducer
location in accordance with paragraph 5.2.4.10c.

§.2.4.12 Explosive Ordnance Tests For these fests, noise-measuring efforts are

concerned primarily with determining the area of noise hazard around the ordnance item
rather than at an operator position.

a Mount as many sensing transducers around the ordnance item as necessary to map

a 140-dB noise coniour curve (paragraph 5.2.4.10e).

Record the peak pressure level, A-duration and B-duration at each transcucer
location for as many detonations as considered feasible. The arithmetic averages
of the peak pressure level, A-duration and B-duration for as many davices as
were detonated will constitute the final results.
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52.4.12.1 Mines

a Plant the mine as directed by the operational procedure in an open tield and set it
for remote detonation. ’

b. Follow the test procedure in 5.2.4.12 above.

5.2.4.12.2 Grenades

a Place the grenade in an open field S #t. (1.5 m) above the ground plane.
b. Follow the tes! procedure in 5.2.4.12 above

5.2.4.12.3 Bombs

a Place the bomb on the surface of a field or other materiel for which the bomb vsas
designed. Prepare the bomb for remote detcration.

b. Follow the test procedure in 5.2.4.12 ¢bove.

5.2.4.12.4 Dempolition Charges

a Place or mount the demolition charge in or nn a simulated fixture for which the
charge was designed 5 f1. (1.5 m) above the ground plane.

b. Prepare the demolition charge for remote det nation.

¢. Follow the test procedure in 5.2.4.12 above.

5.2.4.13 Materiel Other Than Weapeons and Explosive Qrdnance Items such as ‘
machinery (drophammers, jackhammers, etc.) and impact tools that produce impulse

noises are tested not only against impulse nuise :riteria but also against steady-state

criteria when appropriate. For impulse noise tests a minimum of five separate

impulses are required o establish the arithmetic m«ans of peak pressure level, A-

duration and B-duration as described in paragraph 5.2.4.10c.

5.2.4.13.1 Siationary Machinery (e.g.. Drophammers)

a Since these test items are not portable, they may be tested within an enclcsure,
the most suitable of which is the room or area of their intended use.

b. Place sensing transducers a' the center cf the piobable head positions of all
operators, helpers. and maintenance and odserver parsonnel.

¢. Mount as many transducers around the test item as necessary to accurately
record and map a 140-dB noise contour curve ot the item (paragraph
5.2.4.10e).

" d Operate the machine using the cperation and materiel that causes the highest
noise level.

e. Make as many machine operations as necessary to assure completdriess of noise
data for the determination of peak pressure level, A-duration B-duration and the

noise contour curve. ’
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5.2.4.13.2 Pontable Machinery (e.0.. Pleumatic Hamrieis)

a Conduct these tests in an open arra free of all rafiecting surfaces and where the
ambient sound pressure level is at least 25 dB beiow the values expected during
the tests.

b. Mount sensing transducers at the center of .he probable head positions of the
operator and all other personnel required in the area during the operation.

¢c. Mount as many transducers around the setup as necc.sary to accurately record
and map a 140-dB noise curve >f the item (paragraph 5.2.4.10e).

d Operate the equipment using the operation and materiel causing the highest noise
level and for as many operaticn; as necessary to determine peak pressure level,
A-duration, B-duration and the noise contour curve.

e. |f the portable machinery requ res other equipment in support of its operation
(such as generators or air cornpressors), test the supporting equipment also for
its steady-state noise level as indicated in 5.2.4.13 above.

5.2.5 Data Required

5.2.5.1 Steady State Noise Record the following data for each test:
a Test nomenclature and iden fication data.

b. Tesi item condition (e.g., hatch positior, with or without muffier, percent
ioad, speed, etc.).

c. Test site (surface, terrain, etc.).
Type of tc:st (stationary, hizhway, drive-by, etc.).

e. Meteorolofjical data (temperature, humicity, barometric pressure, sky
cover, wind direction, and velocity).

f. Nomenclatire, mode! and scrial numbers, and manufacturer of all
instruments used.

g. Test conducinr and equipment operator.

h. Microphone locations.

i. Sound leveis in dB(A), dB(C), and in each octave band.

j. Noise contour data (distances and directions from the equipment at which 85

dB(A) is measured).

5.2.5.2 Impulse Noise Record the following data (as applicable) for each test
conducted.

a Test item nomenclature and identification data.
Type of ammunition for explosiva charge.
Test item condition (type mount, hatch position mounting method, eic.).
Components and on board equipment included. -

Metecrological data (temperature. humidity, barometric pressure, sky
covear. wind direction, and velocity).

® Ao U
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Nomenclature, model and serial numbers, and manufaciurer of all
instruments used.

Test conductor and egquipment operator. G
Microphone locations.

Peak pressure level, A-duration and B-duration measuiements of impulse
noise for each microphone location.

Noise contour data (distance and directions from the test itern at which 140
dB peak is recorded).

5.2.6 Data Reduction and Prosentation

5.2.6.1 Steady-State Noise

a

Tabulate all direct sound level meter measurement data using a data collection
sheet similar 10 that in FIGURE 7 of MIL-GTD-1474B M!).

When data are recorded on magnetic tape, analyze the data in the laboraiory
for each specified requirement. If a requirement is not specified:

(1) Analyze the data for dB(A), dB(C), and octave-band sound levels in each
octave band.

(2) Extract a portion of each test segment from the magnetic tape and
perform a frequency analysis.

Present data taken for B5-dB(A) contour curves as shown in FIGURE 5.2-4.

When reouired, compute the equivalent continuous noise level (Leq®) as
described in MIL-STD-1474B(Ml).
®

Assess the noise conditions referring 10 the steady-state noise level criteria
in MIL-STD-1474B(MI) for the following, as applicable:

(1) Minimum distance personnel may approach without hearing protection.
(2) Type of hearing protection required.

(3) Type of communication possible.

(4 ) Distance of probable communication.

(5) Speech intelligibility.

(6) Maximum detectable distance.

(7) Primary sources of noise (i.e., exhaust, tracks, etc.).

[




5 May 1990 TOP 1.2-610

AV Y

180°

Figure 5.2-4. Typical 85 dB{A) Noise Contour Curve
for a Military Vehicle

5.2.6.2 lmpulse Noise

a Analyze the impulse noise data recordec on magnetic tape using an
oscilloscope to deiermine peak pressure level, A-duration and B-duration as
described in MiL-STD-1474B(M).

b. Tabulate the data taken to determine safety condtinns for personnel. When
making comparison noise tests between two types of weapons or ammunition,
or to determine whether a simulator is loud enn:uigh 10 represent the actual
device, only peak pressure levels are required and are reported by round
number.

Present data taken for 140-dB contour curves a shown in FIGYRE 5.2-5.

d Assess the noise condition referring to the impulse noise level criteria in
MIL-STD-1474B(MI), for tha following as applicale.
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(1) Minimum distance personnel may approach the area without hearing
protection.

(2) Type of hearing protection required.
(3) Maximum detectable distance.
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Figure 5.2-5. Typical 140 dB Noise Contour Curve
for a Weapon Firing Test

50




16 May 1990 TOP 1-2-610

§.3 TEST PROCEDURE
TEMPERATURE, HUMIDITY, AND VENTILATION MEASUREMENT

5.3.1 Objective The purpose of this procedurs is to present methods and criteria
for the evaluation of temperature, humidity, an¢' » entilation. The procedures outlined in
this section apply to enclosed areas that have r.ontrols for these environmental factors
and to enclosures that meet these provisions with the exception of Wet Bulb Global
Temperature (WBGT), which applies 10 the outdoor environment and 1o enclosed areas
without any means to control these environmental factors.

5.3.2 Crlteria

5.3.2.1 Air Temperature, Humidity and Ventilation Criteria Dry-bulb air temperature,

humud:ty and ventilation criteria are provuded in paragraph 5.8.1 of MIL-STD-1472D
in connection with requirements for heating, air conditioning and ventilation equipment.
Additional criteria and methods are provided in documentation listed in Appendix F of
Part I. The following criteria are applicable to test items which have personne!
enclosures.

a Heating shall be provided within mobile perscnnel enclosures utilized for
detail work or occupied during extended periods of time 1o maintain interior
dry bulb temperature above S0°F (10°C). A minimum cf 68°F (20°C) shall
be maintained within permanent and semi-permanent facilities. Heating
systems shall be designed such that hot air discharge is not directed on
persaorinel.

b. Adequate ventilation shall be assured by introducing a minitmum of thirty
cubic feet per minute per person into any personnel enclosure;
approximately two-thirds should be cutside air. Air shall be moved past the
person at a rate less than 100 fpm (30 mpm) if possible to preclude loose
papers from being blown off work suriaces. Intakes for ventilation systems
shall be so located as to minimize the introcluction of contaminated air from
such sources as exhaust pipes, elc.

c. Air conditioning shall be provided if the effective temperature within
personnel enciosures utilized for detail work during extended periods exceeds
85°F (29°C). (See FIGURE 38 in MIL-STD-1472D). Air conditioning
systems shall be designed such that cold-air discharge is not directed on
personnel.

d Humidity values should approximate 45 percent relative humidity at 70°F
(21°C). This value should decrease with sising temperatures, but shouid
ramain above 15 percent to prevent irntation and drying of tody tissues,
0.g., eves, skin, and respiratory tract. (See FIGURE 40 in MIL-STD-
1472D).

e. In providing for heating and coo'ing of enclosed areas, it is important that the
temperature of the enclosed area be held relatively uniform. The temperature
of the ar at fioor leve!l and at head leve! should not differ by mcre than 10°F

(6°C). -~

f. When special protective clothing or personal equipment, including full and
partial pressure suits, fuel handier suits, body armor, cuid regions clothing
and temperature regulated clothing are required and worn, a comfert micro
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climate betwean 68°F (20°C), 14 mm Hg ambient water vapor pressure and
95°F (35°C), 3 mm hg ambient water vapor pressure shall be maintained by
heat ransfer systems. .

¢ Temperature and humidity exposure should not exceed the tolerance limits
given in FIGURE 40 in MIL-STD-1472D when corrected for air fiow rate.

h. In addition to the specific criteria cited above, information is presented below
of a8 more general nature but useful 1o the HFE specialist in his/her overall
evaluations of the environment.

(1) During the summer, the comfort zone is between 65°F and 75°F (18°C
and 24°C). During winter it is 83°F to 71°F (17°C to 22°C).

(2) Humidities between 30 and 70 percent gensrally /epresent the
comfortable range. Humidity values should approximate 45 percent
relative humidity at 70°F (21°C).

(3) The reference tempeiature for seated personnel is measured 24 inches
above the ceat reference point (S.R.P.). In cold envirornments, cab
compartmerids shouid maintain a temperature no lcwer than 50°F
{10°C) (dry bulb).

(4) Temperature measures (dry bulb) should be taken at the floor level,
hand use, and head and face areas, and at various body positions. The
temperature should not vary more than 15°F (8°C) abuve and 10°F
(6°C) below the reference temperature. The heating syctem should
achieve these requirements within one hour after it s furned on.

(5) TABLE 5.3-1 indicates general effects of temperature on human Q
subjects.

(6) FIGURE 5.3-1 indicates the relationship between temperature Aand
humidity as it atfects the general cemiornt of the individual.

(7) Skin temperatures as they relate to different degrees of comfort are
presented in TABLES 5.3-2 and 5.3-3.

(8) FIGURE 5.3-2 shows the effects of cold water with no exposure suit.

(9) Windchil! Index (WI) is an empirical expression which evaiuates the
effects of air movement and air temperatures on the environment's total
cooling power. FIGURE 3-3in MIL-HDBK-759A(MI) gives values for
W| as a funclion of wind speads and air temperature. A Wi of 1200
indicates a requirement for prosection of ihe human.

Prolonged exposure of an ungloved soldier to effeciive temperatures below
5$5°F (13°C) often results in a “stiffening” of fingers, which degrades
performance in tasks requiring manual dexterity.

A soldiar wearing arctic clothing should not be expesed, while sitting quietly.
10 temperature higher than 60°F (16°C); a temperature ol 35°F o0 45°F
(2°C to 7°C) is probably optimal.
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Table &5.3-1. General Effects of Temperaiure
on Human Subjects
Amblent
Tamperature
° °C Effect
160 71 Tolerable for about 1/2 hour
120 49 Tolerable for about 1 hour
85 29 Menial activities slow down, rasponses slow, errors begin
75 24 Physical fatigue begins
65 18 Optimum
£E0 10 Physical stifiness of extremities begins
Temperature (°C)
20 25 30
80 t % z
g 70 4 Fen's Damp
> 60 1 Feels Hot
B 501 Generally
E 40 - Considered
»§ Comfortable
o 301
> Feols Cold
< 201
= Feels D
& 104 K
e -+ ¢ -+ -+
65 70 75 80 85 90
Temperature (°F)

Figure 5.3-1. Comfort as a Function of

Temperature and Humidity
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Table 5.3-2, Comfort Range Versus
Skin Temperature

Skin
Temperature
°F °C Comfort
98 3€.7 Very Hot
96 35.6 Unpleasantly warm
94 34 4 Indifferenily warm
93 33.¢ Comforiable
81 - 32.8 Comforiably cool
88 31.1 indifferently weol
86 30.0 Unplaasantly cool
84 28.9 Extramely cold

Table 5.3-3. Comtfort Rarge Versus
Hand and Foot Temperature

Mand Foot
Temperature Temperature
°F °C °F °C Coemfort
68 20 723 23 Minimum
59-68 15-20 64-739 18-23 Telerable
50-59 10-158 55-64 13-18 intolerable Pain
£0 10 5% 13 Numbness

Temperature (°C)
-5 ) 5 10 15

o)}
L o)
-+
-

(4]

/.

7.

20 30 49 50
Temperatura (°F)

Figure 5.3-2 Life Expectancy In Cold Water
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I. In gold-weather ope ations, crew heating is required for effiziant tank
nparation. Owing 10 (he gre il mass of stee! involved in the design of most
armored vehicly fighting cotapartments, it is doubtiul whether & heate: of
guffiziant capacity can be instalied for general heating of an entire fighting
comparimerit. Local space heating at the crew positiong will normally be
nweded. To minimize power requirements for local space heating, the soldier
will still require significant protective clothing. This also means that space
must be allowed in ine engineering design for the soldier with his protective
clothing envelope. in addition, space heating can be minimized for well-
clothed soldiers by providing auxiliary heat for the exiremities.

m. Heating shall be provided within permanent and semipermanent personnel
enclosures utilized for detail work or occupied for prolonged periods of time
to maintain interior dry bulb temperature of 68°F (20°C}.

n. There shouid be provisions for regulating the amount of heat the heater
delivers, with devices like shutters, louvers, fan-speed controis or fuel-
proof carburetors.

§.3.2.2 Surface Contact Temperatyre Criteria Temperature limits for unprotected
skin contact with surtaces are given in paragraph 5.13.4.6 of MIL-STD-1472D.
Sur'aces that personnel touch such as gearshift levers, steering wheels, dash controls,
seats, sice panels, compartment walls, elc should have low heat conductivity.

53.2.3 Wet Byl Global Tamperature The Wet Buib Global Temperature index (WBGT)
is the most comprehensive measure for characterizing the effect of a neat stress
environment on humans. FIGURE 5.3-3 indicates the upper limits of exposure for
unimpaired meflal' performance (Ocupational Exposures to Hot Environments, US
DHEW, HSM 72-10269). WBGT definitions and measurement procedures are contained
in ISO 7243. Measures include the following:

a Normal WBGT index using dry-bulb, wet-bulb and global temperaiure
sensors

b Modified WBGT index used in direct sunshine

¢c. Weighted WBGT which uses three sets of sensors located at the height of the
head, abdomen and arviles.

d Maximum one hour WBGT index which is the maximum value of mean WBGT
recorded over any one hour period.

The following are general guidelines for application of the WBGT index (TB MED 507, p.
14):

a When the WBGT index reaches 78°F (26°C), extremely intense physical
exertion may precipitate heat exhaustion »r heat stroke; therefore, caction

should be taken.

b. When the WBGT index reaches £2°F (28°C), discretion should be used in
planning heavy exercise for unseasoned personnel.
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Figure 5.3-2. Upper Limits of Exposure for
Unimpaired Menta! Performance

c. When the WBGT reaches BS°F (29°C), strenuous exercise such as marching
al standaid cadence shouls be suspended for unseascned personnel during
their first \hree weeks of training. At this temperature, training activities
may oe continued on a reduced scalz after the second week of training.

d Outdoor classes in the 5.n should be avoided when ths WBGT exceed: 85°
(28°C).

e. Wner the WBGT reaches BB°F (J3i°C), stranucus exercise should be
curtailed for all recruits and sther trairess with fuse thuan 42 weaks training
in hot weather. Hardened persotinel, 2fter having been acclimatized each
swason, can cairy on limited activity ai WBGT of 88°F to 99°F (31°C to
30°C) for periods rot excaeding six hours a oay.
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f. Yhen the WBGT index is 90°F (32°C) and above, physical training and
stronuous exercise should be suspanded for ail personne! (excluding essential
oparational commitments not for training purposes, where the risk of heat
casualties may be warranted).

¢ Wearing of body armor or NBC warfare protactive uniforms in effect adds
10°F (6°C) to the measured WBGT. Limits should be adjusted appropriately.

5.13.3 Facllities end Instrumentation

5.3.3.1 Eagilities Nonz.

§.3.3.2 [nstrumentation Instruments used for temperature, humidity and ventilation
measurements include thermometers, psychrometers, air velocity meters and a heat
stress monitor which measures WBGT. These are listed in TABLE 2-1.

£.3.4 Method

5.3.4.1 General Quidelines While the effects of temperature on human performance
and physiology are not thoroughly understood, certain extremes of temperature have
been demonstrated to have detrimental effects. Moderately complex tasks without
physical exertion are satisfactorily completed in r:latively high temperatures.
However, for increasing task complexity or for physical or mental stress, the maximum
temperatures must be lowered for continued work effectiveness.

The combination of temperature, ventilation and humidity produces effects which are
different than those produced by each factor individually. An evaluation of any one factor
must therefore give consideration to the other factors. When temperature is measured,
for example, humidity and ventilation should aiso be maasured.

The remainder of this procedure applies 10 environmental measurement under conditions
where the enclosure has and where it does not have provisions for varying internal
temperature, humidity, and air flow. In those enclosurcs where controls are available
for varying the environment, measurement will be conducted for the accuracy of these
controls.

5.3.4.2 Selegtion of Conditions In planning a test of temperature, humidity and

ventlilation, the initial step is to identity the conditions under which the test will be
accomplished. These will include:

a Manning level - enclosure empty, minimal manning, and maximum manning.

b. Time of day or shift.

c. External temperature, humidity, wind velocity, sky cover, and ground cover
(snow or ice).

The next step is to identify the measurements to be made under the selection conditions.
These include:

-

a Dry bulb temperature - at onwe location within the enclosure for
epproximately each five square feet of fiocor space.

b. Humidity at the same locations within the enclosure.

57




15 May 1890 TOP 1.2.610

c. Air fiow rate and volume at the same locations.
d WBGT meaasurements at locations where heat stress is 10 be evaluated.

5.3.4.3 Igest Setup A test stand will be used which shall be at least six feet tall and
easily movable. Thermometers, humidity sensors, and air flow rate sensors will be
mounted on the stand in the following manner:

& Thermometers - at floor level and at each two foot increment in the vertical
direction up to and including six feet from the floor.

b. Psychrometer - four feet above the floor level.
C. Air flow rate meters - at two and four fget.

Provisions shall be made for measuring the environmental parameters with the room
empty, staffed at minimal level, and statfed at the maximum level. Tests will be
scheduled to include measurements at different times of the day and shift, and with
varying external temperature and humidity levels.

For the control accuracy measurement, a set of iemperature and ventilation levels is
pre-selected. The temperature and ventilation levels are manipulated to the selected
levels, and measuremenis are made of the degree to which resultant enclosure
temperature and ventilation match the control values and of the time lag incurred in
reaching these levels.

5§.3.4.4 Test vonduct Temperature, humidity, and ventilation will be measured under
the follcwing conditions:

a For every five square feet of enclosure floor space there should be a test stand .
mounted with instruments as described above.

b. Measurements are made prior 1o the start of workday or shift, and then at
four hour intervals into the shift. Measurements are aiso to be made at four
discrete times of day: dawn, noon, dusk, and midnight.

c. Measurements are made with the enclosure empty, minimally manned, and
maximally manned.

Jd Measuremenis are made under varying conditions of external temperature,
humidity, wind velocity, snow and ice, measured at each of the four sides of
the enclosure or on those sides which face the external environment. (This
will apply only to large enclosures. For tents and vehicle cabs cnly one
external measurement location is necessary.)

e. Air flow volume measurements are made at the duct. The duc! opening shouid
be divided into small grids, and a measure of air velocity made at each grid
section with a hot wire anemometer. The measurement should be averaged
and substituted in the following formula:

Flow volume (cu. ft/min.) = Velocity (ft./min.} X Duct Area (sq. fi.)
For multiple duct enciosures, the quantity of air for each duct shouid be
summed.
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t. Surface temperature should be measured where there exists a potential for
soldier contact with hot surfaces. A surface temperature probe should be
used to measure at least five spots that are equal distance on the surface. The
teamperatures should be averaged. Specific hot spots should be noted.

g Where heat stress is anticipated, WBGT measures will te taken including the
normai and modified WBGT indexes, the weighted WBGT index using head-,
abdomen- and ankle-height sensors, and the maximum one hour WBGT index
as appropriate.

Specified temperatures and air flow rates are Ssequentially selected via heat, air
conditioning, and blower controls. After a period of thirty minutes, measures of
temperature, humidity, and air tiow rate will be made under conditions and procedures
as described above.

5.3.5 Dats- Requlired
5.3.5.1 Environmental Measures Mean values of dry-bulb air temperature, humidity,

and air flow rate will be computed for each manning condition, each time of day and shift,
each external environment condition, and each vertical and horizontal location
independently. Touch surface dry-bulb temperatures and WBGT measures will pe
reported where these are appropriate. The mean values should be comparec with the
criteria described in paragraph 5.3.2.

5.3.5.1 Control Accuracy Measgres Data for the assessment of environmental Control
Accuracy include the control settings used, the resulting temperatures and air flow
rates/volumes, and the time interval required to reach these levels

5.3.6 Data Reduction and Presentation The data shall be compiled and
separated into two categories. One category shall be Environmental Measuraments and
the other Control Accuracy Measurements. Within each category exist specific
comparisons by degrees, percentages, and rates beiween criteria established and
measuremenis taken.

Those measures which fall outside of limits prescribed by the criteria listed in
paragraph 5.3.2 should be tabulated separately under a discrepancy list.

In addition to measurements that can be compared to specific criteria with quantitative
limits, there may exist data for which there are no minimums and maximums
established. ¥his material should be assessed, where applicable, with reference to
information provided in the latter portion of paragraph 5.3.2 (sub-paragraphs {1}
through (9)). Where such comparisons can be made, those areas tha! do not meet
desired standards should be added to the discrepancy list.

The discrepancy list should be reviewed and recommendations made for each problem
encountered. The data should be presented in tabular form.
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5.4 TEST PROCEDURE - VISIBILITY MEASUREMENT

5.4.1 Objective Tho purpose of this test procedure is to describe test methods and
measurements for assessing visibility (other than lghiing) from or within a test item.
The factors infiuencing visibility include field of view (unobstructed), distance 1o and
orientation of comparents requiring visibility, and viewing media (fog, rein, clear air,
glass, icing on glass, Llowing snow, ica fog).

5.4.2 Criteria
5.4.2.1 Yjsual Angles

a A vehicle driver shall have a 180° (3.14 rad) field of view forward (+90°
(1.6 rad) from the centerline).

b. A truck driver should be eble to see the raad at a point 10 ft. (3 m) in front
of the vehicle. Upward visibility shall extend at least to 15° (0.3 rad) above

the horizontai.

¢. Maximum eye rotation without head movement is 40° (0.7 rad) up, 20°
(0.35 rad) down, and 4 35° (0.6 rad) la.erally.

d. Maximum head rotation is 100° (1,75 rad) up-down. and 12(° (2.1 rad)
right-left.

e. Maximum eye and head rotation is 90° {1.6 rad) up and down, 4+ 95° (1.7
rad) laterally.

f. Awcraft personnel shall have a lield of view as defined in MIL-S7TD-350B

Additional criteria and 'nethods for measuremert n! the field of view from vehicles are
provided in TOP 3-2-312.

5.4 2.2 Eyepiece Components The radii of Fijjure 49 in MiL-STD-1472D defines a
surfice of revolution within which a satisfactory symmetrical eyepiece and cup must be
designed if interfaces with facial features are i¢ te avoided.

£.4.3 Facilitles and instrumentation

5.4.3.1 Eaciliies To adequately determine ‘isibility outside a vehicle, a hard-
surf:ced area is necessary 1o reasure visual argles and distances. Ideally, this area
shoild have a grid overlaid on tie surface to use for measurement reference points.

5.4.3.2 |nstrumentation

a Measuring tape - 100 ft.
b. Surveyor's transit

¢c. Surveyors leve! rod.
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5.4.4 Methods

5.4.4.1 Genera! Guidelines Visibility measur..ments should be requirad whenever an
itern user must: view through windows, port holes, periscopes, atc., associated with the
item; visually acquire and recagnize components of the item; read displays and labsls
mounted in or on the item; use optical devicas :issociated with the item.

5.4.4.2 Seleciion of Conditions

a Test participants shall be representative of the 5th to 95th percentile in:
eye to seat height for seated operations; or eye height for standing operations.
Participants shail be screensd fcr visual anomalies and classified in the
normal range (corrected or uncorrected) in visual acuity, depth perception,
color vision, and phoria.

b. Some test participants should be wearing eyeglasses for situations where
glare is an expected probiem.

¢. Test participant clothing shoulc be representative of use 10 the extent that
such ciothing can influence the specific 1est (effects of helmet on visual
envelope, etc.).

d Representative item operations wili be used to the extent that they could
require a configuration of the item or item components which could affect

visibility.

5.4.4.3 Tesl Seiup Identify item components which restrict visual angles (windows,
accesses, mirrors, etc.).- Acquire criteria data on required angles if availabie. If
visibility outside a iest item is to be assessad, the test item should be placed on a flat,
hard surface area. TOP 3-2-812 descrbes procedures for determination of fields of
vision from vehicles.

Select components to be visually acquired ard identified in the test. Consideration sheuld
be given to cornponents (contro!s, displays, 'abels, test points, etc.) which appear to be
partially or totally hidden at all times or u.:der ceriain item configurations, and which
are required to be visible to the pa-ticipant. The HFE specialist should consider
maintenance activities as well as normal operating procedures for the selection of
components. |If ambient light is identified as a factor infiuencing user parformance, a
range of light levels shall be astablishad «© sover the range of representative lighting
conditions.

Select target displays and labeis which app:ar 10 presant a problem for reading in terms
of display or labe! location, size, shapa, ¢rientation, lighting, scaling, or arrangement
with other displays and labels, and in terr; of participant size and clothing conditions.
Select display illumination levels to cove’ the range available under different and
representative levels of ambient light, Tablz il in MIL-STD-1472D details mechanical
display applications. The Design Checklisi;; for Labels, Manuals & Markings and for
Displays provided in Appendix 8 of HRDGZ should be consulted to identity visibility/
reading reguiremanis and these shouid be considered in selecling visibility/reading

targets.

-
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5.4.4.4 Test Conducl

5.4 4.41 Yisyual Angles Deatermine visual angles by measuring the climansions of the
window, access, or mirror, and the distance 1o the eye. For vic wing blocks, perform the
measurements as llustrated in FIGURE 5.4-1. Visual angles of displays, controls, and
cockpiis of aircraft can also be measured by wsing & surveynr's transit placed at the
gesign eye height for the S5th and 851h parcentile persornel.

Vertical Viewing Angie Through Vision Blocks

Eye to | Biock to |Maximum
Viswing| Viewer Block | Vertical] Viewing
Position|Percentilie|Distance| Scealo Angie Remarks
A B o]

Figure 5.4-1. Sample Form for Measu‘ement of Viewingy
Angles Through Vision Iilocks

5.4.4.4.2 [plerior Visibility Test participants are placed at the work station in the
normal operating position and are asked fo tind speciv- displays or labels. No
familiarization or training on display/labe! location should b given to offset memory
eflects, and all participants should begin the test at the same i eneral level of famiiiarity
with the item. The HFE specialist starts a timer or siop watch with the command to finc
a display, and stops the timer when the display or label has been located.

Test participants i1 the prescribed work station are requested to read labels and dispiay
values or nomenc ature for labels and displays indicated ‘o them by the The HFE
specialist. The Th: HFE specialist measures the tims from command to the correct

response. .-

5.4.4.4.3 Extierio _Visibility Evaluate optics and glass windows, etc. (if applicable)
by having subjer's view through them. WVary internal illuininatich from minimum to
investigate potenti:il glare effects of the meciia.
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Evaivate fields of view from vehicles by plotting visibility contour maps using a data
collection form similar to that provicec in Appendix A of Part |. (See TOP 3-2-812).
The tes! object should be placed so that the operalor position is at the center of the
circie. Using 8 surveyor's leve! rod or similar device, the The HFE specialist should
determine where the visibility contour lies for the S5th and 95th percentile soldier.
Cample visibility contour maps are presented in FIGURE 5.4-2.
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Figure 5.4-2. Sample Visibility Contour Maps

5.4.5 Data Required

§.4.5.1 Yisual Anglas Record the dimensions of the visual angles of the window,
access, mirror, dispiay, control, windshields. ‘

5.4.5.2 [nternal Visibilily Record time 1o access and accuracy of finding compo-
nenis; record time to read and accuracy of reading labels.

5.4.5.3 Extarnal Visibility Record visibility contour maps.

64




15 May 1990 TJOP 1-2.610

5.4.6 Data Reduction and Presentation

§.4.6.1 Yisyal Apgles Compare obtained visual angles with criteria provided in
paragraph 5.4.2.1, Depic! angles pictorially (both obtained angles and criteria).

5.4.6.2 Internal Visibjlity

a For visual location of components, compute probability of component visual
access as function of time - for 5th percentile and 95th percentile
participants. Deiermine if body size affects visibility of components. Identity
problem areas, including:

(1) Insufficient illumination or glare.
(2) Obstructed vision.
{3) Poor component location.

Present data pictorially or graphically, as applicable.

b. For display and/or label reading, compule probability of correct display
reading as a function of time for 5th and 95th percentile participants.
Determine if body size affects display reading capabilily. Identity problem
areas ingluding:

(1) Insufficient illumination or glare.
(2) Inappropriate orientation of disp'ay/labe! to the viewer.
(3) Inappropriate location of display/label.
(4) Inadequate scaling or character size.
Present data in tabular form.
c. For eyepiece components, the radii of the eyepiece components (Figure 49 in

MIL-£TD-1472D) should be applied to cushion forms when they are
com; essed to the maximum. These data should be presented pictorially.

54.6.3 Externil_ Visibility Compare obtained visibility contours to the critenia in
paragrapn 5.4.2 1 and the IAP, IEP or TDP. Depict the visibility contours on visibility
contour maps.
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5.5 TEST PROCEDURE - SPEECH INTELLIGIBILITY

5.5.1 Objective The purpose of this procedure is to describs test methods and
measures for assessmant of speech intglligibility gssociated with volce communication
eqQuipment, accessorigs, end instruments, and ancillary equipment such as:

a Radio sets - fixed, portable, and mobile (AM, FM, and §8B).
b. Radio - wire integration equipment.
c¢. Comrnunication security equipment.
d Telephone sats.

e. Megaphones - electionic.

f. Pubiic addrass systems.

5.9.2 Criteria Auditory presentation factors for tones and complex sounds, as well
&8s speech, which should be used are given in TABLE V in MIL-STD-1472D. The types of
signals which shall noi be used because of possible confusion in the operational
environment are noted in paragraph 5.3.4.3.6 of MIL-STD-1472D. Criteria and
methods are also provided in TOP 6-2-521. The inteligibility criteria provided in
paragraph 5.3.12 and TABLE VI in MIL-STD-1472D shall be used for voice
communication. The efficiency of communications needed, and the type of material to be
transmitted shali determin= which of the three communication requirements of TABLE VI
is t0 be selected. Speech intelligibility measures include the following:

a The Phonetically balanced (FB) word intelligibility test (ANSI §3.2)
raquires a talker and listener. Single words are spoken and are reported by
the listener. Speech intelligibility is measured based on listener perfor-
mance.

b. Modified Rhyme Tests (MRT) require a talker and listener. Single words are
spoken in a carrier sentence and the listener indicates the word on a
multiple-choice form which includes rhyming confusion words. Speech
intelligibility is measured based on listener performance.

c. The Articulation Index (Al) does not use talkers or listeners. Speech
intelligibility is predicted by obtaining octave band noise measurements and
applying a formula. FIGURE B-18 in MIL-HDBK-759A(MI) shows the
velationship between the Al and the intelligibility of various types of speech-
test materials

Advantages and disadvantages of the speech inteliigibilily measures are diccussed in
paragraph 5.5.4.4,

5.5.3 Facllities and insirumentation

§.5.3.1 Eacililies
' a Test range for ground wave or line-of-sight propagation radio equipment.

b. Appropriate test sites for intermediate and long range sky wave propagation
racio equipment. -~

c. Test range for wire and’or cable communication equipment.
d Test range for public address type equipment.
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e. Appropriate communication system for 18st contral.

i. Appropriaiely equipped mainterance shop van to support outlying test
atations.

0 Appropriately equipped repair facility to suppdrt base station.

5.5.3.2 lasirumentation

& Sound level meter with octave band filter set as described in TABLE 2-1 and
gaction 5.2.

b. Voice channel noise measuring set.
c. High fidelily audio tape recorde:-reproducer and micropnone.

High fidelity loudspeaker-amplifier for usy with audio tape recorder-
reproducer, if required.

5.5.4 Method The methods described here for assessment of an item for its effect on
speech intelligibility require the use of test participants as listeners anc talkers. The
general approach involves having selected talkers verbally prosent standardized words
or seniences which listeners hear and record. The adequacy of the communications
equipment is determined by computing the percentage of messages corractly received and
recorded. Noise measurements and caiculation of the Articulation index does not require
test participants. This method is carried out by applying noise measurement techniques
described in section 5.2 to the communications channel. The raw data are then analyzed
as described in ANSI S3.5, in section B.1.1.5.3 of MIL-HDBK-759A(Mi), and in
Chapter 5 of Van Cott and Kinkade (1972).

55.4.1 General Guidelines An underlying philosophy oi this procedute is to
eliminate from consideration those variables affacting speech intelligibility which are
not related to the equipment being tested.

In tests of communications equipment, it is important that the content of the messags not
be a variable factor in speech irtelligibility tests. Tharefore, over repeated tes! periods,
messages are used that are of equal difficulty to cumprehand. Because of possible
learning effects the same messages should not be repeated (o the same operators.

Consequently, the lists chosen for this procedure have nearly the same phonetic
composition. Rare and unfamiliar words have been avoided as much as possible. The
speech sounds used are representative of conversational speech. The varicus speech units
are balanced and lists are approximately equa! in difficulty.

5.5.4.2 Jest Planning Conduct a thorough study of the requirements documents,
contract specifications and test directives 1o ensure that complete and suitable speech
inteliigibility test criteria are selected. Study thoroughly the item(s) being tested to
include operational and technical characteristics pertinent to speech intsliigibility.

Jo crder 10 preclude the use of an individual with abnurmal hearing or speech who might
have an impact on test results, all test participants must be screened for hearing or
speech disorders. Each test participant must have & hearing test administered by a
qualified technician at a health clinic. Personnel must have Class A hearirg (ro
significant hearing handicap) in the better ear. YABLE B-3 in MiL-HDBK-759A(MI)
shows Class A hearing to be the &Lility to hear & sound less than 25 dB at 500, 1000,
and 2000 Hz in the better ear. Additionally, test participants must be given a bareli.e
speech discrimination test using a phor.gtically balanced word list or moditied rhyme
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test list to assure that all test participants possess rormal speech intelligibility (85
100 percant 8t a sound iavel 40 dB above the Spauch Reception Threshok! (SRT)).

5.5.4.3 Jasi Sziup The test equipment, which may be radio, wire, or PA will be sa!
up to perform Hs Intended function.

The setup for testing will be in a typical field environment using personne! selected
from individuals representative of those who will operate the equipmem ¢ it is fielded.
Procedures for setting up this aquipment foliow:

& Badio Links Use appropriate portions of TOP 6-2-242 or TOP &-2.246 10
establish a point-to-point or multi-station communicaticn network utilizing
equipment being tested. Test sites must be selectod close e¢nough to ane
another 1o insure optimum signal strength. Care must be taken i& ensure tha!
receivers and transmitters are not located in guch proxirity 13 overiozd the
receivar or cause co-locaticn interference. Ground wave communication may
be used for skywave equipment. Particular attention must be Qiven tc
frequency selection. Refer 1o eppropriate Instructions dor listing o!
frequencies authorized for use in the organization controliing the iest site.
Listing indicates maximutn power which may be used and modes of modulation
which are authurized. |f the High Frequency (MF) Band (3-30 MHz) is used,
proper frequencies must be determined by the use of propagation charts or by
requesting assistance from the Communication Engineering Direrterate ¢f the
U. S. Army Strategic Communication Command. K frequencies are requiruo
which are not glready authorized, the testing agency must originate a raques!
for these frequencies in accordance with AR 105-24. Before test messag:s
are exchanged, the selected frequency must be mon:tored at all net stations o
assure that it is clear for test usage. Procedural messages will then he
exchanged to insure that signal-to-noise ratio is satisfactory for the cond. it
of the test.

b. Wire Links Wiilizing the equipment/component being tested, along with
cther teiephone equipment (switch-boards, telephone terminals, cable, wire.
ielephone sets) with which the test! item is designed for use, establish a wire
communication network. Assure that wire ancd/or cable lengths do not exceed
design paramelers. Determine that crosstalk and/or channs! noise will not
significantly atfect voice transmissions.

¢c. Audio Eouipmeni Afier the sysiem is set up according tc the technical
manual, it should be checked to assure thai no aspect of improper operation
exists such as pickup or feedback.

The equipment must be adjusted and aligned in accordance with the appropriate technicaf
manuals to assure minimum distortion and signal loss between the spesch source and the
kstener. The speech source may be & quaiified talker or @ tape recording (professional
siandard test recording or a recording generated by qualified talkers).

A thorough practice period with the test item must precede the formal *esting in order to
fully famiiiarize test personne’ with the test item and the test procedures. Praclice
should be continued until the leaming period is over and the speech intalligibility sccres
of tes! participants reach a plateau. Scores should be given 10 test participants so hat
they are aware of their improvement and so that motivatiocn and interest is maintaines.
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5544 Jeast Concduct The HWFE spocialist will selnct mecsages compesed of

Phoneticaliy Baianced Word Lists from Appandix C-1 oy Pant | o7 word lists from the

Mcdifisd Rbhyma Test Lists in Appendix C-2 of Pant ! Thu list chosen chall be used ‘
consistently throughout the st 8n that soores oblainod &re not a mixiure of various

types of tests. To assist in the selaction ¢f the propar list, a discussion of tha advantages

ang disadvaniagas of each follows:

8. (Jse o' the Phonatically Balanced Word Lists has several advantagas.

(1) Available lists covar a wide range of difficulry.

(2) The spraad of difficulty is approximately equal from one list to the next
{(avarage difficuty is about the same)

(3) The specch sounds reprassnted by the words are balanced
phaneticaily - vontrolling a variable whose influence On test scores is
extramely difficult to determine. towever, & disadvantage is that
carrier phrases must be used (Number "xx®, you will mark "xx" how.).
This recundancy and lack of real life ontext sometimes causes boredom
10 the extant that performance levsais are affected.

b. Modified Rhyme Tests have the advantages of not requiring much practice and
that orrors cannot result from misspelling the words when reporting.
However, this tast assesses only the inteiligibility ot the front or end
consonanis of a word and does not test the intermediate vowe! sound.

When corgducting a modified rhyme fest the HFE specialist needs to ensure that

tarker and iistener sheets in the test packet are in the proper order. A sample

talker's sheet is shown in TABLE 5.5-1. Before speaking the talker should ‘
begin with:

This is "xxx" reading fist "xxx" from the “xxx" position.

Each word on the talker sheet must be read with the following carrier
sentence:

Number "xx", you will mark “xx* now.

Tha number is that shown in TA3LE 5.5-1 and the word 10 be marked is the
one associated with the number. Listeners respond by chacking the word they
judge to have beon transmitied on a listener chack sheet as shown in TABLE
5.5-2. Therg shou'd be about five seconds between carrier sentences. After
each test panticipant has spcken from his or her positior: and listeners have
completed listener's sheets, the completed listeners sheets are given to the
HFE specialist administering the test. Test pariicipants than rotate to new
positions. The tes! continues unti! each test participant has talked and listened
from sach position.

Messages will be read by qualified talkers or a tape recording of a qualfied
talker will be played through the system and qualified listeners will record
the messages as they hear them or will check a word on a listener's check
shoet. \VWhen possible, more than one listener may be efmployed at the
listening station. The use of multiple licteners may not be possibie when the
listening device is a headphone set or telephone.
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Table 5.5-1. Sampie Talker's Sheet for
Modified Rhyme Test

Modified Rhyme Test Form 1D
{ tick 11 sale 21 pat 31 pin 41 came
2 fea! 12 peak 22 did 32 sead 42 boil
3 pup 13 king 23 kit 33 gay 43 fib
4 book 14 sag 24 tin 34 test 44 oud
5 lip 15 sip 25 tier 35 pave 45 kee!
6 rate 16 told 26 bent 36 bath 46 lark
7 baryg 17 bun 27 sun 37 pop 47 heave
8 ftill 18 lake 28 shed 38 pig 48 den
9 mass 19 gun 29 pot 39 ftan 49 saw
10 tale 20 bust 30 duck 40 cape 50 beat

Listeners and talkers must be rotated between test samples so that a test sample,
listener, or talker does not unduly bias the test. Also, as mentioned above, an important
factor in speech intelligibility testing is the paricipant's motivation. Care must be
taken by the HFE specialist to assure that boredom and fatigue do not create bias in the
data.

The HFE specialist will provide a schedule including the order of stations to be used for
transmitting dand receiving, the taikers (or tape recording) and listeners 1o be used, and
the messages to be transmitted. He/she will assure that the stations are manned \vith the
proper qualified talkers and listeners.

After procedural messages have been exchanged, the designated talker will transmit the
designated test message in a clear, strong voice, spacing the characters/words to allow a
five second interval between monosyllabic words. If the transmitted messages are not
tape recordings, they should be recorded at the transmitting station for subsequent
comparison with received messages, in order o eliminate from the assessment those
errors made by the talkers.

Listeners at the receiving net stations will manually transcribe ali test messages or
mark an appfopriate response on 8 listener's check sheet. Listeners should be required
to add any appropriate comments relative to characters/words that may be missed or
about which they are uncertain.

Sufficient log entries will be made at all stations to fully identify each test message.
Transmissions will be recorded at the receiving station for comparison with recordings
made at the transmitling station In order to assess the quaiity of the communications
equipment being tested.

Each test message, consisting of & complete word or sentence manually ranscribed by
the listeners, or a listener's check shee! will be scored to determipe the speech
inteliigibility percentage for that message.

Sufficieni test messages (approximately 100) should be transmitted to give & high
degree of confidence In the results. These messages should be equally distributed among
the listeners, who should number approximately 20 but in no case less than five.
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Table 5.5-2. Sample Listeners Check Sheel for Mcdified Rhyme Test

Listener, Position, Set
Talker, Poslition, Set
Nolss Source Date, Time
Condition Telker's Form Meo.
1 lick pick sick 20 bust dust rust 39 tam iang tan
pick tick wick just gust must tack tab tap
2 feat heat nea! 21 pack pan  pass 40 cane cake cape
ssat meat beal path pat pad case came cave
3 pup puft pus 22 dd dig dip 41 came game fame
puck pun  pub din dill dim tame same name
4 hook took ook 23 bit hit kit 42 oil soil teil
book ook  $hook wit £t sit foil coil beil
5 hip lip rip 24 tin win din 43 fit fizz tin
sip  dip tip sin  pin  fin titl  fig tib
§ rate race rave 25 teal tear 1ease 44 cuss cut cuft
ray raze rake team teak teach cup cud oud
7 gay hang sang 26 tent sent bent 45 peel heel eel
bang fang rang rent went dent feel keel reel
8 will titl  hill 27 sun  sub  sum 46 bark hark park
fitt kil bill sud  Sup  sung dark lark mark
9 mat mass mad 28 wed red bed 47 heal heap heat
map math man shed fed  led heave heath hear .
10 gale pale 1tale 29 hot tot not 48 then men ten
male sale bale pot lot got hen den  pen
11 sake sale safe 30 dun duck dub 49 saw raw jaw
sane save same dg dd durg law paw thaw
12 peace peal peak 31 pin pip pig 50 beam beat bead
peas peal peach pit pill  pick bean beak beach
13 kick kid kit 32 seep seem seethe
kill kin  king seen seed  seek
14 sack sag $ass 33 may pay way
sap  sat s day say gay
15 sip sit sin 34 best vest rest
sick sill  sing nest test west
16 sold ocold told 35 pane page pale
goid hold fold pave pace pay Scorer
17 bun bus buff 36 bat bath bed
bug but buck ban back bash Form
1€ late lace Ilay 37 pop shop mop -
lane lake lame cop hop ftop Score
19 bun nun sun 38 dig rig big
run__ fun ___ gun pig wig _ fig .
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‘ §.5.5 Data Required Renord applicable elements of the following data:

a List of equipment used including serial numbers and most recent calibration
dates.

b. List of test participants including namas, rank, MOS, unlt, and results of
speech, hearing, and speech Intelligibility preliminary screening tests.

¢. Transcripts of transmitied and received messages with the date, time, talker,
listener, test setup (inciude all components and serial numbers, frequencies
and modes used, locations, elc.), and speech intelligibility score annotated.

d Location and description of test site (including for example: elavation, type,
height, and orientation of antennas).

e. List of trequencies required for test.

f. List of available/authorized frequencies and any limitations on their use for
the test.

g. List of frequencies selected for use and any gvidence of interference on these
frequencies.

h. Resuits of exchange of procedural messages.

Signal strength measurements.
Channel noise measurements.
Signal plus noise measurements.

Cescription and measurements of ambient acoustic noise.

. Channel (or path) used if multi-channe! or switched communications net.

Selected test messages on magnetic tape at transmitting and receiving
stations. (See TABLE 5.5-1.)

Comments of listeners relative to test message talkers and missed
characters/words. (See TABLE 5.5-2.)

Block diagrams of test setups showing test items, all instrumentation, and
locations of talking and listening stations.

Ambient temperature, humidity, and wind-chill.
Head covering and/or ear protective equipmeant used.
Speed of wheeled or tracked vehicle used during test. (Note: Moving vahicles

need tc be operated at two-thirds of the maximum speed in &a highest gear
during test conduct.)
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5.5.6 Data Reduciion and Presentation Speech intelligibility of each received
compiete list will be computed by dividing the number of coroctly interpreted words by
the total number of words in the complete list. Modified rhyme 1ast resuits will be
scored by counting the nurmnber of words correctly reporied by the listener and then
correcting this for guessing using the following formula

No. \g/rogg ]‘ X2

Percent Correct = [No. Correct -

For example, if a listener reported 46 words corractly and 4 incorrectly then the
Percent Correct score would be (46 - 4/5) x 2 = 90.4 percent

Calculations will be psrformed to provide the median, mean, and standard deviation of
the speech intelligibility scores acruss test participanls.

Message scores will be reviewed to determine it thy scorgs of any one test sample or
individual talker or listener were rmarkedly ditferent from thg majority of the scores
and to identity ary consistent speech inteliigibility areas such as consistently poor
intelligibility of the same speech sounds.

The average speech intelligibility should be approximately equal to or greater than the
required percentage 1o consider the requirement met. Standards will be derived from
requirements and contract specifications. !t no specific intelligibility criteria are
provided, test scores for each tested position should be compared to the intelligibility
criteria for voice communications systems in TABLE VI in MIL-STD-1472D. Data will
be presented in tabular form,
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5.6 TEST PROCEDURE - WORKSPACE AND ANTHROPOMETRICS

5.6.1 Objective The purpnse of this test procenure is to describe the methods and
measures for evaluating the adequacy of workspacs in order to ensure that the tem being
testedd can accommodate operators and maintainers with regard to their physical
characteristics.

8.6.2 Criterla Design criteria which involve dimensions of workspace are based on
anthropoimetric data on human body dimensions. The general principle is that workspace,
access openings, etc. should accommodatle a considerable range of body sizes. In general,
this range is taken to be that from the 5th percentile for females to the 95th percentile
for males. In some cases, equipment is intenced for use by males only and the
corresponding range is that from the 5th to the 95th percentiles for males. These
percentiie values as well as other body dimension statistics such as means and standard
deviations are determined through anthropometric measurements taken on large samples
from selected"populations. Ranges of anthropametric data are used to define design
criteria for workspace dimensions. For example, functional reach data as shown in
FIGURE 2% and TABLE Xlll in MIL-STD-14720 are used to establish the maximum
distance of a vertical pane! section from a standing operator position.

5.6.2.1 Workspace Decign Criteria Selected anthropometric data are provided in section
5.6 of MIL-STD-1472D. Design criteria for workspace dimensions are provided in
section 5.7 of MIL-STD-1472D. These criteria address workspaces and operator
positions which are common fo many test item:s. These include standing operation at
consoles, seated operation at consoles and other selected working positions. Access,
cleararice and workspace design criteria in the area of design for maintenance are
covered in section 5.9 of MIL-STD-1472D. In particular, the HFE specialist should
review FIGURES 28, 30, 31, 32, 33, 34, 35, 36, 37, 45, 4(, 48, 50, and 51 and
TABLES XIX, XX, XXIV, and XXVIl in MIL-STD--472D to identi’v workspace dimension
criteria.

5.6.2.2 Qther Anthropomentric Data and Workipace Design Flecommendations The
workspace design criteria in MIL-STD-1472D acidress a number of common operator
workirg positions. A certain test item, however, Ingy require body positions for access,
egress, work at the worksite, etc. which are not covered by MIL-STD-1472D. In these
cases, it will be necessary 1o characterize, sketch, photograph, etc. the required body
position and orientation and to use anthropometric data directly to assess the suitability
of the dimensions of the test item. In addition 10 the anthropometric data contained in
MIL-8TD-1472D, other sources of these data are DOD-HDBK-743, MIL-HDBK-
759A(M!), Chapter 11 of Van Coft and Kinkade (1972), and Gordon et. al. (1989). The
Cordon et. al. data are of particular importance tecause they ontain the most recen!
measurements. For mobile operations thal require stooping, squatting, kneeling,
crawling, or prone positions, dimensions presented in FIGURE 2-32 and TABLE 2-17
in MIL-HDBK-759A(MI) sha!l apply. For aircrew station geometry, the MFE specialist
should aiso refer to MIL-STD-1323A. Criteria and methods fcr evaluation of equipment
stowage provisions are contained in TOP 2-2-802.

£.6.2.3 Protective Clothing Many of the anthropometric dimensions referred to above
are faken from nude subjecis and are applicable when light clothing I8 worn. Use of
protective garmerts such as arctic clothing, however, may oonsiderably taduce mobility
and functional reach whilo increasing the recuired access dimensions. Recommended
clearances at a seated operator station fo accommodate use of arctic clothing are provided
in FIGURE 51 and TABLE XXVII in MIL-STD)-1472D. Mobile workspace dimensions for
arctic clothed personne! are contained in FIGURE 2-32 and "ABLE 2-17 in MiL-HDBK-
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759A(M!). Arm and hand access requirements in arctic clothing are contained in FIGURE
45 in MIL-STD-1472D. Whole body access dimensions while wearing bulky clothing are
contained in FIGURE 37 in MIL-STD-1472D. Minimum handle dimensions with mittened
hand are presented in FIGURE 48 In MIL-STD-1472D. Anthroparnetric dimensions with
various types of clothing including arctic gear and helmets are addressed In section
2.2.4.2 in MIL-HDBK-755A(MI). TABLE 5.6-1 presents raach capablilities at various
arm angles under the conditions of winter clothing anc pressure suit from Alexander, et.
al. (1976).

Table 5.6-1. Fitth Percentile Arm Reach Capabliity Expressed se &
Percentage of the Shirt Sleeves Condition for
Winter Clothing and Prossure Sulted Conditions

Arm Winter Pressure
Angle Slothing Sulit

Right 0° (front)

or Left 75% 72%
Right 30° (0.5 rad) Bz% 75%
Left 30° (.5 rad) B82% 63%
Right 60° (1.0 rad) 87% 78%
Left 60° (1.0 rad) 36% 7 8%
Right 90° (1.6 rad) B8% 83%
Leit 9C° (1.6 rad) 91% 82%

All measurements made 24 in. (67 ¢m) above the deck

5.6.3 Facllities and Instrumentation

5.6.3.1 Eagilities None.

5.6.3.2 [nstrumentation Instrumentation for anthropometric measurements includes
an anthropometer with attachments for various body dimension measurements and a
weight scale as listed in TABLE 2-1.

5.6.4 Method Workspace must be compatible with the anthropometric dimensiors
of the users of the equipment. The limits of anthropometric data, such as body
dimensions and reach, are expressed in terms of 5th and 85th percentile measurements
as described in paragraph 5.6.2. These points represent the two exiremne limits of the
population which it is reasonable to expect an item 1o accommodate. Clothing appropriate
1o accomplish item tasks and representative clothing worn during Item operation/
maintenance mus! also be considered. This clothing, in some instances, adds significantly
1o clearance requirements. The primary interest in cold regions evaluation of workspace
is the effect of the fuli arctic uniform on clearance and reach. v
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5.6.4.1 General Guidelines The general approach invol is selecting body dimensions
10 be conside 3d and selecting test panicipants classifie 3 as 5th and 95th percentile
male and female as appropriate on the applicable dimen:ions. Thase paricipants then
perform required activities using the test item undut representative operation,
maintenance 813 slothing conditions. Where problems are noted in conducting specific
tasks, measura nents will be made to determine the causes df the problems.

5.6.4.2 Selection of Conditions

a Tes! participants representative of the 5th 1o 95th perceriiles in specific and
app opriate physical characteristics snould be salected. If it is necessary 1o
determine 5th and 95th percentiles of body dimensions, use the procedures
coniained in DOD-HDBK-743.

b. Clothing should be worn consistent with the most exireme weather conditions
under which ths item may be expected to opserate or be used.

¢c. The full range of operator/maintainer activities should be addressed -
including such tasks as adjusting seats, mirrors, belts, etc. Sample Task
Checklists are provided in Appendix A of HEDGE. These should be reviewed in
identifying item specific tasks which could be affec:ted by anthropometric and
workspace dimension considerations.

d Seated eye-height measurement may be reduced by as much as 2.5 inches
wlign personnel sit in 8 relaxed manner. The ratural position shov.d be
considered in seating requirements but should not tie used as a justification of
inadequate clearance.

e. Minimum and maximum dimensions of certain woikspaces are called out in
MIL-STD-1472D as descrived in paragraph 5.6.2.1 above. Where these
design criteria are applicable to a test item. the necessary dimensional
measurements should be completed first since test participants are not
needed. Afier these requirements have been met, oncentration can then be
directed to observing difficulties encountered by test participants.

5.6.4.3 Test Setup

a Assess the test item with respect to clearance limits for components such as
hatches, accesses, and safety exits, and make plans for their use 1o ensure
proper passage for appropriately clothed 95th percentile participants.

b. Assess item for reach distances which invoive the extension of body parts
insuring the accommodation of 5th percentile personnel, especially as
constrained by bulky arctic clothing.

¢. Ensure that information on operation/mainienance of the ftem is available
and transcribed into a checklist so that a full range of activities is completed.

5.6.4.4 Iest Conduct From the list of tasks that are required t¢c conduct the test, a
checklist should be constructed of those tasks in which body paris play & functional role.
From this list, tasks should be checked off which sre covered by workspace design
criteria described in paragraph 5.6.2.1. Performance of the remaining tasks should be
observed and difficulties recorded. If personnel sre not available with Sth and 95th
percentile dimensions, extrapnlations should be made 1o the ability of the §th and 95th
percentile personnel 10 perform the tasks. Design characteristics of the workspace
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should be assessed using the Workspace Design Checklis! provided in Aprendix B of
HEDGE.

5.6.5 Data Required Record the following data:

a Uimensions of all workspaces that conform to workspace dimension criteria
described in paragraph 5.6.2.1.

b. Anthropometric measurements of dimensions of test participants who best
represent the maie and female 5th and 95th percentiles.

c. List of difficulties encountered due to workspace dimensicns by each
participant in the performance of assigned tasks.

d With each difficulty encountered, measuremeant of relevant dimensions of the
specific workspace involved and the dimensions of the affected body parts of
the 5th and 95th percentile personne! involveu, including extrapolations
where necessary.

5.6.6 Data Reduction and Presentation Measured dimensions of workspaces
which are subject to the design criteria referenced in paragraph 5.6.2.1 should be
compared with the appiicable design criteria. Where dimensions fall outside of
prescribed limits, a separate list should be developed to contain these discrepancies.

A list should be compiled of all difficulties encountered with workspace as a result of
physical characteristics of operating personnel. Next to each difficulty should appear the
dimensions of the space involved and the dimensions of the affected body parts that relate
1o the specific space problem (extrapoiations included). Clothing used during the testing
should be describecl.

A summary of discrepancies should be listed with recommaendations for sach problem
encountered.
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5.7 TEST PROCEDURE - FORCE/TORQUE MEASUREMENT

5.7.1 Objectlive The purpose of this test procedure it to outlineg the criteria for
force/torque measurement gnd describe methods for evaluating conformance to
force/torque ciasign criteria.

5.7.2 Criterls

5.7.2.1 Muscle Strength FIGURES 21 and 22 and TABLES XXII and XXIV in MilL-
STD-1472D show maximal forces in varying situations, grip forces, lifting criteria,
and the minimal forces exertable in several attitudes for males. Lifting limits are
subject to additional considerations dascribed in paragraph 5.7.11.3 of MIL-STD-
1472D. Additional muscle strength data for males and females are provided in section
2.4 of MIL-HDBK-758A(MI).

5.7.2.2 Besistance gnd Torgue Limits Minimum and maximum limits for certain
resistances and torques of various controls are found in FIGIJRES 4 through 20 and in
TABLES IX, X, and X! in MIL-STD-1472D. These criteria are also included in the Force
and Direction sections of the appropriate Sampie Design Cnecklists in Appendix B of
HEDGE

5.7.3 Facilities and Insirumentation

5.7.3.1 Eagilities None.

5.7.3.2 lpsirumentatio= !nstrumentation {o be used is listed in TABLE 2-1.
instruments include force and torque dial gauges with attachments which permit these to
be connecled to controls and components, torque wrenches, measuring tapes and weight
scales.

5.7.4 Method Force and torque limits should be based on the weakes! potential
operators and on work position, use conditions, clothing etc which may affect exertion of
force and torque. Lifting and carrying performance should rcit be required i or near the
limits of physical abilities as fatigue develops rapidly. Ove and above the concern for
discomfort and reduced effectiveness is the risk of in" iry wtich can occur in the form of
muscle/ligament strain or rupture. Contro! resistance levels are subject to additiona!
considerations. Resistance levels should be low enougn to prevent fatigue and discomfort.
However, they should be high enough to prevent inadverien: operation of the con‘rof and
&lso provide kinesthetic cues to control movement.

5.7.4.1 General Guidelines Test participants rejresentat.ve of the male and female
5th and 95th percentiles In muscle sirength shouid be selected. identify the force
application case in terms of body position, direction of force application and limb(s)
used from the figures and tables referred to in paragraph 5§.7.2.1 which most closeiy
matches the force application required by the fast item task. Use the force/torque
measurment instruments listed in TABLE 2-1 to detlermine the maximum force in the
applicable case of which test paricipants are capable. Select the test participan!(s)
which most clossly approximate the male or female 5th and/or 95th percentile strength
capabilities given in the criteria cited in paragraph 5.7.2.1.

Testing of activities that relate to date for ceriain resistances and bmu;s of various

controls referred to in paragraph 5.7.2.2 should be conducted utllizing the minimums
and maximums as guidelines in evaluating equipment operation.
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in areas of activity associated with force or torqus for which there are no specific
guidelines, tes! participants of the Sth percentile in strength shou!d be observed for
evidence of difficulty in carrying out assigned tasks.

There should also be concern if test participants representative of the 95th percaniile
report 8 lack of adequate friction in the movement of any of the controls raqui-ed in the
operation ot the item.

Certain elements influance the strength of test participants over and above the inherent
capacity of the indivicual. In the overall planning of 8 test, in the seleclion of test
participants, and in approaches to specific requirements, the following factors (which
tend fo decrease strangth) should be considered &s applicable.

& Age.
b. Altilude (lack of oxygen).
High ambient temperatuse, especially whan combined with high humidity.

c
d Acceleration.

5.7.4.2 Test Selup A review of tasks assnciated with the test item shoulid pe
performed to compile a hst of tasks requiring force or torque application including all
hand and foot control operations required by the test item. A review of tasks should be
performed to identify activities requiring force application, such as activating door or
hatch handles. A review of required tasks should aiso he made to identify activities that
require lifting or carrying weights.

5.7.4.3 Jest Conduct The initial segment of the test will involve having each test
participant activate each control, or a subset of representaiive controis, 10 each control
setting. At the conclusion of these activities, the esi participant will state that the force
required 1o activate the control was too high, too low, or adequate. The HFE specialis!
will indicate on a checklist, similar to that shown in TABLE 5.7-1, those controls
identified as having activation forces which are either 100 low or foo high.

For controls identified by at least one test participant as requiring tco little or too much
force/torque, suitable measurements will be performed. The actual force/torque
required to set the conirol to a specified swutting will be measured five times and the
average of the five measurements will be used as the force measurement for that control.

Average measurements for selected controls will be compared with the force/torgue
design criteria referenceC in paragraph 5.7.2.2. Where force applications are required
for controls or item components other than those identified in paragraph 5.7.2.2, the
maximum values shal! not exceed those presented for S5th parcentile operators in the
strangth data referenced in paragraph $.7.2.1.

The weights associated with each task from the compiled list of activities involving
weight carrying or litting should be compared with the ddta referenced in paragraph
5.7.2.1. These weight limits shall be used as the maximum vaiues in determining the
maximum weight of articles requiring one-soldier lifting, providing the articie to be
lited conforms with the requirements of paragraph 5.9.11.3 of MIL-STD-1472D.
Other litting cases depending on the size and configuration cf the lifted object and on the
number of soldiers ass.gried 1o lifting it may result in modification of the-tabled weight
limits. Refer to paragraph 5.9.11.3 of MIL-STD-1472D to identity the appropriaie
weight limils subject to design fealures and task requiremants for the test item.
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Table 5.7-1. Sample Checklist for Control/Component

Force Assessment

Control/ Force/Torque
Component| Setiing |Adequate[Toe High! Too Low Commenta
Door Latch [QOpen

Close

Lock
Door Swing Open

Swing Closed
Emergency An
Brake OH
[ideadiights _|Cn

OH
Gear Seiect  |Neutral

1st Gear

Nth Gear

w{Reverse

Gear Range [High
Selec! Low
Tractor tn
Protection |JOH

5.7.5 Data Requlired Record the following data:
A Anthropometric measurements of test panicipants (as applicable).
b. ltem controls or components for which difficulty is noted in force application.

c. Force/torque measurements of controls and components which provided
difficulty to test participants.

d Weights of articies lifted or carried.
e. Strength measurements of test pa-ticipants.

f. Commenis by test participants of difficulties encountered.
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5.7.6 Dats Reduction and Preseniation Force/torque measurements ol those
corurols used in the operation of the item should be compared with forceAorque limits
prescribed for those controls as referenced in paragraph 5.7.2.2. Those controis whose
forcetorque measurements fall outside the limits should be listed separatsely.

Those tasks requiring force/torque application, weight lfting or carrying that produce
ectivities outside of limiis referenced in paragraph 5.7.2.1 should dbe listed separately.
Ary difficulties with force/torque application, weight iifting or canying enccunisred by
test participants that are noi covered above shall be evaluated and, if determined 1o be
valid, listed separately.

A summary of &ll discrapancies shall ba compiled and recommendations made for each
problem listed. TABLE §.7-1 presents a Sample Checklist for Control/Component Force
Assessment. TABLE 5.7-2 presents a Sample Data Summary Sheet for Control/
Component Farce Assessment.

Table 5.7-2. Sample Data Summary Sheet tor Control/
Component Force Assessment

Number of Participants

Control/ |identified Reporting Problems Sisasured Limit |} Problem

Component| Problem Sth §5th Force/Torquel Velue | Veritled
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5.8 TEST PROCEDURE - HFE DESIGN CHECKLISTS

5.8.1 Objectivo Design Checkiists are used by the HFE apecialist in assessing the
design features of the test item. Selection of specific checkiists depends on the
identification of Test item Components. The determination of applicable Test Item
Components is made using the relevani Test liem Cigss and Subclass as described in

8.8.2 Criterla The criteria for selection of Design Checkiists are found in section
2.6 of HEDGE. Sample Design Checklists are provided in Appendix B of HEDGE. Where
Sample Design Checklist items express required design criteria from MIL-STD-1472D,
paragraph references are provided. Checklist items which do not have paragraph
references are provided for guidance and were obtained from other HFE sources such as
MIL-HDBK-759A(MI).

5.8.3 Facllities end Instrumentstion

5.8.3.1 Eacilities None.

5.8.3.2 Instrumeniation Design checklists will be used by the HFE sgpecialist in
assessing design features while physically gt the applicable workstation of the aquipment
undergoing test. Where probiems are suspected in Tas! Item Component design,
measurements will be made using applicable test procedures from sections 5.1 through
5.20.

5.8.4 Melhod

5.8.4.1 Generagl Guidelines Whenever a design assessment is to be conducted, Design
Checkiists will be used. A Design Checklist form is prasented in Appendix A of Part | and
Sample Design Checkiists are contained in Apper<ix B of HEDGE. The HFE specialist
should identify the Test Item Class/Subclass and the applicble Test Functions as
described in sections 2.1 and 2.2 of HEDGE. He/She should then identify the Test ltem
Components with which operators/maintainers interact in performing necessary tasks.
These components are then evaiuated in the HFE test. The HFE specialist should use the
Design Checklists noted in FIGURE 3 of HEDGE for the Tes! ltem Class/Subclass as
guidance but should add or delete components and corresponding Design Checklists to or
from the list based on the components associated with the test item.

5.8.4.2 Test Conducl The HFE spacialist will use the appropriate sections of the Sample
Design Checkiists in Appendix B of HEDGE based on the review of components sssociated
with the test item. Design Checklist items should be deleted which are not applicable or
important for the item assessment. Where appropriate, Checklist statements which are
not contained in the Checklist and which are judged to be important should be added. This
can be done by photuoopying Sample Design Checklists from Appendix B of HEDGE and
modifying the ocopies.

Toe HFE specialist wiil determine i the Design Checklists wili be us~d diractly or if
other personnel of the test agency will actually scquire the data using the checklists. If
the former, then the HFE sgpecialist only needs to copy relsvant Design Checklists,
scquire the Instrumentation needed, and scheduie time a1 the worksiation? ©f interest. If
the Design Checilists are 10 be used by cther personnel, the HFE specialist may need to
adapt the checkiist instruction for the users. The basic checklist instruction is 8s

foliows:
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You are to ussess dasign festures o' an eguipment item using Design
Checklists. You should use appropriate checklists for sach operalor
workstation and the maintenance position at each item of equipment to be
maintained. The statements in the checklists establish the criteria for the
assessment. In some cases, compliance can btie determined simply through
observation. in other cases you will need to make measurements. Where
measurements are required, you shoukd sample components o be measured
being sure o include any components which appear to have problems in
terms of the criteria. if the componant design meets the criterion dascribeu
in & checkiist staterment, check it off as Adequate (YES). if it does not meet the
criterion, chack it as inadequate (NO) and note the problem in the comments
column.

5.8.5 Data Required Data are gathered by using the Design Checklists and any
referenced design criterion documents such as MIL-STD-1472D at each workstation or
maintenance position. Indications of whether Test ltem Component design is adequate or
inadequaie on specific criteria are recorded. |f the component is judged to be in
compliance with the checkiist item then the design is Adequale and the YES column is
checked. If the componeant is not in compliance with the item then the design is
Inadequate. The NO column is checked and the Comments column (and additional pages it
necessary) is used to characterize the deficiency. The Not Applicable column (N/A) can
bie used if the Design Checklist statement is not applicable to the test item or item
(omponent.

5.8.6 Data Reduction and Presentation Design problems, noted as cases where
components were judped Inadequate, will be listed. Judgments will be made as to
whether these prcblems represent deficiencies cr shortcomings. In determining that a
nroblem is a deficiency or shortcoming the foliowing checklisi (from TOP 1-1-012)
s'ould be used:
a Does the incident (performance or component).

(1) Create a hazard to personnel or equipment?

(2) Seriously impair operaliona! capability?

(3) Cause sericus damage if operations were to continps?

b. If the answer is YES to one or more of the above, is the incident:
(1) Someihing not anticipated in equipinant of this type”
(2) A characieristic of design that requires chanpe?
{3) Expected 1o occur agaii at similar fregquency - (ne « aodorin

c. If the answer is “ES 10 gil three auestions in paragrapt: » 5 6.4 wan the
probiem is @ true deficiency. ! the answer (¢ any onhe of the drse v NO, then
i is a shoricoming.
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5.9 TEST PROCEDURE - PANEL COMMONALITY ANALYS!S

5.9.1 Objective This procedure describes a mathod for quantitatively establishing
the commonality of controls and displays locataed on differant consoies within the same
system.

5.9.2 Criteria MIL-STD-1472D states that the arrangement of functionally similar
or identical primary controls shall be consisient from sanel to w&nel throughout the
system, equipment, unit or vehicle (paragraph 5.4.1.3.4). The standard further states
that where coding is seiected for the purpose of differentiating among controls,
application of the code shall be uniform throughout the system (paragraph 5.4.1.4.1).
Concerning displays, MIL-STD-1472D states that the arrangement of dispiays shall be
consistent in principie from application to application (paragraph 5.2.1.4.10).

5.9.3 Facilities and instrumentation None.

5.9.4 Method Although MIL-STD-1472D states that controls and displays must be
consistent from pane! 1o panel in terms of location, arrangement and coding, the standard
does not specify a minimum level of consistency or commonality. !f the commonality
between panels is not high, a greater number of operator errors can be expected through
confusion and lost time looking for components on @ pans! after training on a different
panel. For situations where an operator may be called on o operate either one of two
panels at any time, the commonality between those panels should be at least 0.8,
indicating that B0% of the controls and displays are similar aiong specified dimensions.

The dimensions of panels used for commonality assessment are as foliows:

8. Presence: Controls and displays (C/D) are present on both panels where they
are not unique to one of the panels.

b. Location: C/D are located in the same quadrants of the twc panels.
c. Type: C/D are ¢f the same type or shape on both panels.
d Size: C/D are of the same size (+50%) on both panels.

e. Labeling: C/D are labeled identically in terms of function designation on both
panels.

t. Arrangement: C/D are arranged similarly on both panels.
g. Color: C/D color is the same on both panels.

h. Oparation: Direction of motion relationships between C/D is the same on both
paneis.

6.9.4.1 General Guidelines The HFE specialist will identify similar panels within the
system which must be operated by the same test participants. The HFE specialist will
then enumerate the controls and displays on esach of the two panels (ech pair of similar
panals) usirg the Commonality Analysis Data Form from Appendix A of Part I. This
listing will be made using panel drawings or using the actua! panels. During the
development of the iist, notation will be made that a control or display I8 unigue to a
specific pane!, and also if componenis which are not unique to a spaclfic panel are
present on both panels.
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5.9.4.2 JTest Conduct The HFE specialist will identify C/D commonalities using the
Commonality Analysis Data Form from Appendix A of Part |. He/she will note if each
controi or display is nol common along the specified characteristics using the follow' g

rules:

a Location: Located in a different panel quadrant (upper right, lower right,
lower left, upper left).

b. Type: C/D shape and type definitely different.

c. Size: The C/D on one panel is at least 50% larger or smaller than its
counterpart on the other panel.

d Labeling: C/D have differeni designations on different panels.
e. Arrangement: C/D are arranged in a way to cause confusion.
t. Color. C/D are coiored differently.

¢. Operation: C/D motion is definitely different due to factors other than
shape/type.

5.9.5 Data Required The data to be collected in this procedure are the notations of
C/D commonality along specified dimensions.

5.9.6 Datas Reduction and Presentation When all data have been collected, the
index of commonality for each pair of panels will be computed as follows:

3P + 2P1 + Pg + P|+ Pa + Pg + P
o= Pp x| Q + w+s1o| A+Pc+ o}

where: Lc = index of commonality.

Pp = proportion of non-unique C/D functions present on both panels.

PQ = proportion of C/D present on both panels which are located in the same
Quadrant.

Pt = proportion of C/D presant on both panels which are the same type.

Pg = proportion of C/D present on both panels which are the same size
;50%.

P; = proportion of C/D present on both panels which have the same
identification label.

Pa = proportion of C/D present on both parels which have the same
arrangement.

Pc = proportion of C/D present on both panels which are the same color.

Po = proportion of C/D present on both panels which have the same
operation.

I the pane! commonality index Lg I equal to of greater than 0.8 the panels are judged 1o
have adequate commonality.
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5.10 TEST PROCEDURE - HFE MAINTAINABILITY ASSESSMENT

5.10.1 Objective This test procedure describes methods 1o be implemented in
&ssessing equipment ur sysiem design for maintainability frern an HFE point of view.
Methods are applicable to any stage of the system acquisition cydis and gonsegquently 10
any sysiem representation, from analytic concapt through brsad-boards, mockups,
engineering protctypes, to production items.

§.10.2 Criteria Tgst criteriz are provided in the appilicablie Sample Design
Checklists in Appendix B of HEDGE. Sample Design Checklists are selecte¢ for use based
on the Test ltem Class and on the Test item Componenis with which maintainers will
interact during performance of necessary tasks. Where Design Checkiist items express
required design criteria from MIL-STD-1472D, paragraph references are provided.
Checklist items which do not have paragraph referencas are drovided for guidance and
were obtained from other HFE sources such as MiL-HDBK-789A(MI). Some
representation of the fest item will be required which can be a: concept description, se!
of engineering drawings, bread-board, mockup, prototype, or prodguction item.
Additional criteria and methods for evaluation of maintainability ai» provided in TQPs
2-2-530 and €-2-504.

5.10.3 Facilities and Irstrumentation

5.10.3.1 gacilities For cold environment testing, shelters and enclosures will be
reguired for maintenance in the field. These shellers will be required at least for
aircraft mainternanc~ in the cold environment.

5.10.3.2 Instrumentation Design Checklists will be used by the KFE specialist in
assessing design feallires while physically located at the applicabie maintenance location.
Where problems are suspected in component design, measuroments will be made using
appropiiate test procedures presented in sections 5.1 through 5.20.

5.10.4 Method In the operability assessment, the only sampling to be performed
includes test participanis and test condition sampling. The maintainabiliry assessment
also includes sampling of inaintenance tasks and specific components to be assessed.
Assessment time is probably limited to the extent that not every compongnt of a system
will be iully assessed. To the extent possible, the HFE specialist should use failure modes
and effects analysis (FMEA) results to select maintenance tasks and components foi
festing.

5.10.4.1 Generaj Guidelines The HFE speciaiist will use the Sampie Task Checklists
from Appendix A of HEDGE for the Maintainability Test Function and for the applicable
Test Item Class 10 IGantify generic maintenance activilies for the test item.
Determination of Test ltem Class is described in section 2.1 of HEDGE. Maintainability
assessment wili be carried out for items 1o which the Maintainability Test Function
described in section 2.2.2 ot HEDGE is applicable. Tes! ltem Components which are
penerally involvad in the Mainiginability Test Function are indicaied by Test Item Class
~ in FIGURE 3 of HEDGE which should be used as guidance. The HFE specialist should also

teview the test item documentalion and required maintenance iasks 10 identity any
additicna! Test tlem Components involved in maintenance activitiss. Test ltem
Components will then be &dded 1o or deleted from the list based on componemy™ associated
with the item. Baseo on the review cf Test Item Components, the appropriste Sampie
Design Checklists from Appendix B of HEDGE will be selected. The HFE specialist should
delete statements from the Sample Design Checklists which are not gppropriaie for this
em assessment, and should add stataments which are not contained in the checkiis! and
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which are judged to be imponant. This can be done by photocopying Sample Design
Checklists from Appendix B of HEDGE and moditying the copies.

5.10.4.2 Test Planning The assessmant will begin with an inspeciion of the test item 0
and a raview of ilem maintenance documents, manuals, guidelines, #ic. The Sample Task

Checklists provided in Appendix A of HEDGE can be used as guidance on penegric iasks

commanly required for items in the applicable Test hern Class. It will be necessary,

however, to select and modify the generic tasks contained in the Sample Task Checklists

to represent specific maintenance tasks actually parformed on the test item. This can be

done by photocopying Sample Task Checklisis from Appendix A of HEDGE and moditying

the copies.

Based on this review, a number of specific maintenance areas involving specific
components, will be selected for the assessment. The selection of maintenance problems
for cold environments should reflect an assessmeni of the eHects of the cold environment
on maintenange activities performed with the component (icing of test points and
fasteners, effects of bulky clothing on maintenance workspace, freezing of lines and
cables, handliing of sinall parts with arctic mitts, etc.). Potential environmenta!l effects
on maintenance task performance are contained in Appendix D of Fart | and in TOP 1-1-
003. The selection should be, to the exlent possible, based on failure mode and effects
analysis data indicating the expected frequency and criticality of different types of
failures for diferent components. For each selected failure situation, the environmental
and operational conditions expected during the rmaintenance activity will be identified.
Thus, it a work site for a specific maintenance operation is outside, weather (cold, dark,
ice, snow, frozen terrain, and fog) will need to be considered in the assessment of
environmental conditions. The HFE test methods to be considered for the maintainability
assessinent include:

a Human Factors Analvsis and Walk-Through - In both of thase methods, the ‘

test plan will involve identification of failure conditions and associated
maintenance activities, and will include the completion of the appropriate
Design Checklists based on those in Appendix B of HEDGE.

b. &i ion Hym rfor nl-In these methods a
technician will be given a problem and will perform the indicated
maintenance task to resolve the problem. in the simulation method, conducted
with a functional mockup or instrumented engineering prototype, some
contro! is afforded in the selection of fault symptoms to evaluate the degree to
which the equipment design enhances the troubleshooting operation. In the
human performance method the technician will perform activities with a
component assumed to have failed in some designated manner. His/her
performance will be evaluated by an observer/recorder who will use Task
Checkiists such as those provided in Appendix A ot HEDGE which have been
suitably modified 1o reflect specific test ilem maintenance tasks.

c. Questionnaire/Interview - in these methods, maintenance personnel will be
queried concerning their attitudes and opinions about the design for
maintainability of the item to supporn specific maintenance activities. The
questionnaire or interview can be deveioped from information contained in
the Sample Design Checklists in Appendix B of HEDGE. Sample question-
naires/inierviews arg provided in Appendix B of Part |

-
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5.10.4.3 Test Setup
a Human Factors Apalysis/Walk-Throuah Setup for these methods ig limited to

setting up environmental conditions (e.g., Kghting) for the wak-through.

imuiati ) arf Evaluation in these methods the setup must
fo!low proper safety procedure< ior lnsunng the safety of the paricipating
technicians.

c. Queslionnaite/lnierviews This method requires no special setup.
5.10.4.4 Test Conduct
a duman Factors Analysis/Walk-Through The HFE specialist thoroug .iy

reviews the drawings and documentation for the item design and will proceed
stéd by step through the checklist with the item. As problems are identified
measurements will be made to quantitv the problems.

b. Simulation/Human Performance Evaluyation In these methods the technician

will perform designated maintenance tasks under the close observation of the
observer/recordar. As problems are identified, the observer/recoraer will
note them on the checklist.

c¢. Questionnaire/lnterview After obtaining experience maintaining the system,
technicians will be asked to complete a questionnaire or to participate in an
interview. These technicians may be the same test pa:ticipants in the
simulations or human performance assessments descrivo< at.ove.

$.10.5 Data Required In the assessment of the item design for maintainability, the
activities to be assessed and the appropriate work site for each, are liitod below. Data
required include completed Design Checklists, Task Checklists, Quastionnaires and
Interviews. Include also any photographs, video tepes, or films pertaining to the
problem areas.
a Work Site - Operating Console.
(1) Fault detection.
(2) Troubleshooting.
b. Wark Site - Component Location.

(1) Component cleaning, tightening.

(2) Preparation of the system for component removalreplacement.

(3) Preparation of the component,

(4) Removal of the component.

(5) Handling/transfer of the component.

(6) Replacement of the component.

(7) Application of test probes 0 the component. -

(8) Adjustment of the component.

(9) Test of the component i place.

(10) Component inspection.
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c. Work Site - Maintenance Bench.
{1) Component assembly-disassembly.
(2) Component part fauit isolation.
(3) Component repair.
(4) Component test and calibration.
5.10.6 Data Reduction and Presentation Design problems, noted &s cases whare
components were judged inadequate, shall be listed. Judgments will be made as to
whether these protlems represent deficiencies or shortcomings. In determining whether
a problem is a deficiency or shoricoming, the foliowing cheacklist (from TOP 1-1-012)
should be used:
a Does the incident (perfcrmance or component):
(1) Create a hazard to personnel or equipment?
(2) Seriously impair operational capability?
(3) Cause serious damage if operations were to continue?
b. If the answer is YES to one or more of the above is the incident:
(1) Something not anticipated in equipment of this type?
(2) A characteristic of design that requires change?
(3) Expected to occur again at similar frequercy? (not random)
c. If the answer is YES 1o all three questions in paragraph 5.10.6.b), then the

problem is a true deficiency. If the answer to any one of the thige is NO, then
it is a shortcoming.
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§.11 TEST PHROCEDURE
INDIVIDUAL PERFORMANCE ASSESSMENT

§.11.1 Objective This section describes methods for testing individual
performance in operating or maintaining equinmen! 1o support assessmants of the HFE
aspects of operaticna! effectivenass and suitahility of devsloping systams.

5.11.2 Criteris Periormance criteria wili Include task/mission completion time,
accuracy, resource consumption etc. If appiicable, thesa wiil be estabiished by the IAP,
IEP, TDP, or Requirements Document.

5.11.3 Facliities and Instrumentation

§.11.3.1 Eacilities Facilities, if any, will be those required to oparate the test item.

5.11.3.2 [nstrumentation - Still photogré phy, video recording, timers and/or event!
counters may be required to document ind vidua! performance effectiveness. Equipment
used for this purpose is listed in TABLE 2-1.

5.11.4 Method The orientation of perforrnance testing is o provide data which bear
directly on the issue of operational effectiveness, rather than the assessment of
equipment design. The measurement concern is first directed toward obtaining global
measures of performance at critical points in the mission. [f these indicate deficiencies
within an identified subsystem, then additional performance measures are examined to
isolate procedural, coordination, or communication problems.

5.11.4.1 General Guidelines Production, pre-production or pikt models of equipment
will be employed either in a simulated envirornment which will bear little resemblance
to the intended operationa! environment or in the actual operational environment. n the
Cold Regions environment, models of equipment will be employed under actual Cold
Regions conditions. Recording equipment should be provided whenever relevant in order
to obtain an objective, time-based recorid of subsystem output from which errors or
omissions in control actuations can be icentified. The records should also provide an
indication of when specific out-of-tolerance conditions or maifunclions or other test
suenari¢ variables were inserted or occurred during the operation. In instances where
recording equipment is unavailable or Is not feasible, performance thecklists,
Questionnaires, or interviews must be employed.

5.11.4.2 Jast Stirategy The purpose of the testing is o determine that the
s.ldier/machine system or subsystem can perform within specified tolerances. The tes!
s:anario should sample a broad range of aclivities performed at the work station
Aithough the test participants may be MOS qualified operational personnel, they may be
relutively unfamiliar with the system being tested. Therefore, prc test practice should
be sequanced so that activities generaliy progress from the easy ‘O the more difficu't
during practice. If test participant performarice is to be assrssed under seversl tes!
eonditions or for competing liems, then counter-balanced ord(rs of presen:ation of tes!
conditions or items should be used as described in section 3.11 of Part |,

5.11.4.3 Iasl Plan The HFE specialist will identify the operaiions and maintenance
tasks 10 be performad and the equipment componaents used for each tusk. Ench step in the
sequence of tasks will be considered, noting potential probams of psriormance and
safety. In the conduct of this type of analysis, the primary 100 is ths set of Sample Tasx
Checklists provided in Appendix A of HEDGE. These generic tasks shouid be reviewed and
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test item operating manuals, maintenance manuals, or other applicable documentation
should be reviewed 1o identify specific tasks which gre applicable to the test item. The
HFE analysis should systematically consider each ltem contained on the Task Checklist.
The analysis serves to familiarize the HFE specialist with the equipment and to identify
potantial problems which should be more fully investigated. The HFE specialist will
have praviously identified the environmental and operational conditions which could
affect personnel performance or safety. When performing the HFE analysis, an attempt
should be made to visualize the effects of the identified conditions, or preferably to
perform relevant operational and maintenance tasks under selected environmenial
conditions fo the extent possible. Examination of the compleled chacklist will serve 1o
identify error likelihood situations. The conduct of an Error Likelihood analysis is
presented in section 5.12.

5.11.4.4 Test Conduct In conduciing a performance test, 8 number of representative
test participants will carry out the sequence of tasks as dafined in the checklist. The
primary measure of interest is the adequacy of the task gutput when conducted under
conditions representative of the range of conditions (temperature, daylight, snow, ice,
and frozen terrain) expected in the environment. Custcmary measures are time,
accuracy, and completeness, particularly when these variables are supportable by stated
operational requirements or performance standards. Preferably, these measures are
obtained from objective records of system output. When regquired system output
standards are not achieved by the test participant, diagnostic measures are used to
identify the nature of the difficulty. These diagnostic measures may be obtained from
additional objective records of system performance (frcm which control activation
times, errors, or omissions can be derived), or from direct observation of test
participant performance, and from test participant interviews. The selection of the
most appropriate method is contingent on the feasibility of obtaining objective
recordings, and upon time and cost considerations.

Direct observation methods are economical and are practical 1o implament. However,
they require the development of @ Task Checklist and the presance of a trained observer
to complete the checklist. Also, an observer is required at each subject station and each
station may require a different checklist. In using this method, consideration must be
given 10 the fact that the mere physical presence of the observer may serve 1o alter the
test participant's performance. Moreover, there Is a risk that inadvertent or erroneous
actuations of controls may not be observed it the test subject's body blocks the
observer's view of his actions. Similar difficulties may exist for television monitoring.

Video recording of individual performance can offer an alternative to direct observation.
This approach is applicable where direct observation is not feasible because of space
limitations, because the pace of events precludes detailed checklisting and cormmenting in
real time, or because a number obsarvers woulkd be required to calch all performance
events. OH-line analysis of video tape records can be used to obtain task or mission
segment times and the tape can be rerun or frames can be :tepped to identify
performance problems. On the other hand, video has lield-ol-view and resolution limits
and centain light levels may be required for useable video. These tactors can sometimes
offset the apparent advantages of the video approach. Further & video recording system
can produce voluminous raw data. Processing to obtain performance times, critical
incident descriptions, error reporis, eic. can be labor intensive.

It checklists or performance records are used they should provid: space for ecording
comments by the tes;t participants and insights of the analysis. i the c..ecklist is
prepared as @ perfcrmance record, space should be provided for racorving such
measures as time 1o respond, time to perform, and number of erors {of vark.us types)
observed during performance.
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Questionnaires/interviews can also be applied 10 test panticipants to identify causes of
inadequate performance. in the preparation of the questionnaire or interview guide the
questions should be based upon the prior HFE analyses. The questionnaire itams should
specifically address each potential problem area which the analyses initially identified.
The questionnaire responses will tend to confirm or reject the initial agsassments and
have the additional benefit of potentially providing practical operational solutions to
identified difficulties.

As with cother data collection methods, it is important to pre-test the questionnaire or
interview guide. The pre-test is conducted to assure that the questions are meaningfu!
and are understandable to the test panicipant and that they can be easily agministered in
the even! that system output does not meet the established performance standards. The
general features of the questionnaire which should be considered are described in section
5.18. See also TECOM PAM 602-1.

During large $cale-system or subsystem testing the activities of the performance
assessment are predominantly concerned with monitoring. The test itself is monitored
in order 1o record the occurrences of any deviations from the scenario which will
influence analysis of HFE test results.

5.11.5 Data Required Data to be acquired includes the results of direct
observation using Task Checklists, photographs, video recordings, objective task time
measures, completed questionnaires, and interview resulls depending on the methocs
utilized in the test.

5.11.6 Data Reduction and Presentation If system, operator or maintainer
performance outputs do not meet requirements, additional measurement results are
reported which*identify sources of problems. One useful adjunct in developing such a
"diagnostic” portion of a test report is the Error Report provided in Appendix A of Par |
This kind of sumrnary document can readily be prepared from data obtained from
objective recordings, from checklists, or from interviews/questionnaires.
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5.12 TEST PROCEDURE - ERROR LIKELIHOOD ANALYSIS

8.12.71 Objective This procedure describes a technique for analyzing the adequacy of
the design of controls and displays through estimates of the likelihood and cxiiicality of
errors when It is not possible 1o observe and coliect actua! error data. The technique
should only be applied by a competent HFE gpecialist.

§.12.2 Criteria The criteria for scaiing error likelihood are:

a High Likelihood The control or display has major problemns on at least one
dimension; it violates HFE design criteria in such a way as to significantly
increase the chance of operator error.

b. Moderate Likelihood The contrgl or display has moderate problems on at least
one dimension and no major problems along any dimension; it violates HFE
design criteria of lesser importance, such &s labe! stroke size.

c. Low Likelihpod The control or display has no major or moderate problems on
any dimension, it is designed in full accordance with HFE design criteria.

The determination of the above error likelihood factor depends on the degree tc which the
design of the control or display conforms to design criteria provided in sections §.2, 5.3
and 5.4 of MIL-STD-1472D. Applicable sections of the Sample Design Checklists for
Controls and Displays from Appendix B of REDGE can be used in conjunction with the
Error Likelihood procedure since these serve as a ready reference to MIL-STD-1472D
design criteria.

5.12.3 Facllities and Instrumentation

5.12.3.1 Eacilities None.

$.12.3.2 [nstrumentation This analysis is to be conducted using an actual test item
powered to the extent that lighting is on, controls are gctivated and displays are
energized. Instrumentation from TABLE 2-1 to be used used includes a tape measure,
force gauges, torque gauges, torque wrenches, push-pull gauges with attachments, and a
protractor.

5.12.4 Method This technique will be used in the MFE test and analysis of complex
systems only when there is insufficient opportunity to collect error data in a quantity to
permit computation of error probabilities. The purpose of this aliernate approach is 1o
determine the relative iikelihood of error occurrence based on the design characteristics
of controls and displays. This likslihood is expressed in qualitative terms (high,
moderate, and low) and the determination of the likelihood factor depends on the degree to
which the design of the controi or display conforms to design criteria provided in MIL-
8TD-1472D. Each control and display is to be analyzed in terms of the likelihood of
error along specialized error dimensions.

§6.12.4.1 Control Errors - The specific design features for controls, associated with each
error dimension, which lead to decisions concerning the likelihood of specific errors

are:
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a [nadvertent actuation errar Actuation of a control accidentally (location of a

control in the path of motion to another control, in a way that it is easily
accidentally activated).

b. Substitution error Selection of the wrong controi (two or more controls of
the same size and shape placed next to each other, with too littie separation
and/or with improper identitication labeling or poor lighting).

c. Sequence error Operation of controls in an order different from a required
sequence (control location and arrangement not consistent with sequential
operation or other causes associated with substitution error).

d  Aglivatlion error Selection of the wreng position or direction on the right
control (a control designed in a way counter to convention, or which requires
toc much force to activate).

e. Jemporal error Taking too much time to find or actuate the control (controis
located where tney are difficult to find and/or operate, or where insufficient
ilumination is proviced).

5.12.4.2 Display Errors The specific design features for displays, associated with each
error dimension, which lead to decisions concerning the likelihood of specific types of
errors are:

a Suyhstitution error Reading the wrong display (two or more very similar
displays placed ciose together with inadequate identification labeling).

b. Beading error Misreading the right dispiay (poorly designed labels, mark-
ing, scales, alphanumerics, lighting).

¢. Interpretation error Misinterpreting display information (information
presented in a manner which is confusing, where the meaning is not readily
apparent).

d Jermporal error Excessive time to find and/or read the display (displays
located where they are difficult to find and/or to read or v/here lighting is
inadequate).

5.12.4.3 General Guidelines A control or display which is judged to have a high

likelihood of error occurrence on any one of the error dimensions is to be judged to have
a high likelihood of error overall. Decisions concerning error criticality are made on a
three-point scale as follows:

a High criticality An error is to be judged of high criticality if it has a serious
effect on operator safety or mission success QI it has a moderate effect on
operator safety or mission success and its occurrence is not readily detected
by the operator or if its effect is irreversible.

b. Moderate criticality An error is to be judged of moderate criticality if it has
a moderate effect on operator safety or mission success and its occurrence is
readily detecied and its effect is reversible.

c. Low criticality An error is to be judged of low criticality if it has no
substantial effect on operator safety or mission success.
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The HFE specialist activates the control, noting the amount of force/torque required. The
number of positions, the presence of detents and stops, and control labeling are aiso
noted as well as situations where & control is located close to &nother oontrol which is
similar in size and shape. The extent to which controls are functionally grouped is
determined as is the degree to which shape ooding, place coding, size coding, and color
coding are used to differentiats controls. The use of guards on critical controls is aiso
noted. Where problems are identified, the HFE specialist aither makes a judgment
directly concerning the error likelihood, or obtains measures 10 substantiate the
assessment that a problem exists. Measures incluce reach distance, control separation,
control size, pushbutton depression, toggle deflection, rotary sctivation angle, and
control forces and torques.

Having made judgments concerning the iikelihood of error for the specific contro! on
each of the error dimensions, the HFE specialist notes if the occurrence of the error is
immediately perceptible to the operator of the item and if the error is reversible. An
assessment of the criticality of the error effect is then made using the definitions
provided in paragraph 5.12.4.3.

The HFE specialist proceeds through the analysis of all controls in this way. Attention is
then focused on console displays and the analysis of display location, visibility, labeling.
readability, lighting, rate of response, parallax, character size, and number of simiiar
displays. Display error likelihood and associated criticalities are noted.

$.12.4.4 JTest Conduct Prior 1o the actual conduct of the analysis, the HFE specialist
should obtain drawings of the control display panels to be analyzed from test item
documentation, such as equipment manuals. (A review should be made of system specitic
controls or the reading of specific displays.) The controls should be listed on the Control
Error Likelihood Worksheet included in Appendix A of Part |. Displays should be listed
on the Display Error Likelihood Worksheet included in Appendix A of Part |

The only setup needed for the conduct of this analysis is to activate the test item. The
analysis should be accompanied by an experienced operator who serves as the primary
source of the information concerning magnitude of the error effect.

The analysis is conducted with the test HFE specialist in the operator position at the
console. Using the data forms inc